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EXECUTIVE SUMMARY 

The Groundwater Conceptual Plan provides a basis for cleanup and management of contaminated 

groundwater at the Rocky Flats Environmental Technology Site (RFETS) consistent with the Rocky 

Flats Cleanup Agreement (RFCA) Preamble, and the Action Levels and Standards Framework for 

Surface Water, Ground Water and Soils. This plan was originally issued in March 1996, but has been 

revised to reflect the Final RFCA guidance, and to include additional groundwater plume data. 

Addressing groundwater on a sitewide basis allows for effective coordination of groundwater 

activities, and provides consistency in addressing groundwater contamination. Domestic use of 

groundwater at WETS will be prevented through institutional controls, therefore, the goal is to 

manage or cleanup groundwater to protect surface water quality for all agreed-upon uses. In 

addition, the Groundwater Conceptual Plan identifies, describes, and ranks the principal groundwater 

contaminant plumes to provide a planning basis for funding and implementation of groundwater 

actions. 

The lateral extent and spread of contaminants in RFETS groundwater is limited by hydrogeologic 

conditions, therefore, the contaminant plumes are relatively stable. In addition, groundwater 

discharges to surface water before leaving RFETS and there is a natural vertical barrier to downward 

migration of contaminated groundwater. Low-permeability claystones form a barrier at least 500- 

feet thick between contaminated groundwater at RFETS and the Laramie/Fox Hills aquifer. 

The volatile organic compound (VOC) contaminant plumes in groundwater have the most potential 

to impact surface water, and are the primary focus of the Groundwater Conceptual Plan. 

Contaminant plumes with other, inorganic, constituents are addressed in this plan where surface 

water is impacted above action levels. The plumes are defined based on the RFCA two-tiered 

groundwater action levels which are protective of surface water uses as well as protective of the 

ecological resources. 

The groundwater Tier I action levels are used to identify highly contaminated areas as potential 

cleanup targets and are defined as 100 x Federal Drinking Water Maximum Contaminant Level 
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(MCL) for VOCs. Tier I1 action levels are used to identify contaminated groundwater that may 

impact surface water and are defined as the MCL for individual constituents. 

The groundwater contaminant plumes with VOC concentrations exceeding Tier I action levels are: 

(1) 881 Hillside Drum Storage Area Plume, (2) Mound Plume, (3) 903 Pad and Ryan’s Pit Plume, (4) 

Carbon Tetrachloride Spill Plume, ( 5 )  East Trenches Area Plume, and (6) IA Plume. Additional 

plumes discussed that do not exceed the Tier I action levels, but may have the potential to impact 

surface water, include those at the Present Landfill, Solar Ponds, and the Property Utilization and 

Disposal (PU&D) Yard. 

Proposed cleanup actions consist of source removal or containment, with capture and treatment or 

management of the contaminated groundwater. Using available information, potential actions were 

conceptually developed for each major groundwater contaminant plume. Based on capture and 

treatment effectiveness, installation and operating costs, and plant infrastructure requirements, 

passive captive and treatment methods were the preferred conceptual actions. Before each cleanup 

action can begin, analyses must be done to select the specific cleanup alternative, and to perform 

engineering design. Additional data may be needed to select the appropriate treatment systems and 

ensure the proper placement of cleanup systems. 

The groundwater contaminant plumes were ranked based on the methodology previously developed 

to provide the basis for establishing the priority and sequence of proposed cleanup actions. 

However, a schedule for implementing groundwater cleanup will be dependent on funding, data 

sufficiency, resource availability, and the integration with other cleanup and WETS activities. 

1 
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1.0 INTRODUCTION 

The Groundwater Conceptual Plan was originally developed as a joint effort between the Department 

of Energy, Rocky Flats Field Office (DOERFFO), Kaiser-Hill Company, L.L.C. (K-H), Rocky 

Mountain Remediation Services, L.L.C. (RMRS), the Environmental Protection Agency (EPA), and 

the Colorado Department of Public Health and Environment (CDPHE). This plan incorporates the 

final Rocky Flats Cleanup Agreement (RFCA) (July 19, 1996), and guidance from the Action Levels 

and Standards Framework for Surface Water, Ground Water, and Soils Working Group (“the 

Working Group”). This Working Group was formed to: 

0 Provide a basis for future decision making, 

0 Define the common expectations of all parties, and 

0 Incorporate land- and water-use controls into site cleanup. 

The Groundwater Conceptual Plan was originally issued in March 1996, and has been revised to 

incorporate changes in RFCA, and additional information on plumes. 

1.1 ROCKY FLATS CLEANUP AGREEMENT AND ACCELERATED SITE ACTION 
PROJECT (ASAP) 

RFCA is an agreement between DOERFFO, EPA, and CDPHE to ensure the effective and efficient 

cleanup of RFETS. The RFCA Preamble mandates that environmental cleanup will be implemented 

through an integrated and streamlined regulatory approach. The RFCA preamble also defines the 

approximate areal extent of the five future conceptual land uses: (1) capped areas underlain by waste 

disposal cells or contaminated materials closed in-place, (2) an industrial-use area, (3) restricted 

open space, (4) restricted open space because of low levels of plutonium contamination in surface 

soils, and ( 5 )  unrestricted open space. 

The RFCA Preamble states that the goal of soil and groundwater management and cleanup is the 

protection of surface water quality for the designated uses. Proposed actions will be designed to 
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protect ecological resources and to protect the proposed appropriate industrial or open space uses. 

Groundwater will not be used for any purposes at RFETS, except as related to cleanup activities. 

ASAP was developed as an accelerated strategy to reduce risks and close RFETS. The ASAP 

strategy was used to develop the Integrated Site Baseline (ISB), and the Ten Year Plan, a 

comprehensive action plan to implement the objectives stated in the RFCA Preamble, and to ensure 

that, after cleanup, surface water and groundwater leaving the site will be acceptable for any use. 

The Groundwater Conceptual Plan is based on the ASAP strategy, and incorporates the RFCA 

Preamble objectives and the Action Levels and Standards Framework for  the Surface Water, Ground 

Water, and Soils. This plan provides a basis for cleanup and management of contaminated 

groundwater at RFETS to protect surface water quality and ecological resources, and is the basis for. 

the groundwater cleanup in the ISB. 

1.2 PURPOSE OF THE GROUNDWATER CONCEPTUAL PLAN AT RFETS 

Groundwater at WETS is present in the shallow, unconsolidated sediments and subcropping bedrock 

throughout the site. In the past, each Operable Unit (OU) investigated groundwater within its 

boundaries without addressing influences from upgradient sources. However, groundwater is not 

limited by OU or Individual Hazardous Substance Site (IHSS) boundaries. Several sources may 

contribute to a single groundwater plume, and groundwater plumes may cross several OUs and 

contribute to surface water contamination a great distance from the source location. Figure 1-1 

shows the location of the principal areas discussed in the text. 
t 

The Groundwater Conceptual Plan addresses groundwater on a sitewide basis, to allow effective 

coordination of groundwater activities, and establish a consistent approach to addressing 

groundwater contamination. While remediation of groundwater contaminant plumes must consider 

both the source and the associated groundwater plume, groundwater plume remediation can be 

performed independently of source remediation. Because there is no exposure pathway to humans 

from contaminated groundwater, the programmatic goals are to protect surface water and the 

environment, and limit potential'contaminant migration (to the extent practicable). 
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The three specific goals of the Groundwater Conceptual Plan are to: 
I 

1) Identify and describe the principal contaminant plumes in groundwater; 

2) Rank the contaminant plumes for the purpose of establishing the priority for cleanup actions, 

in accordance with the method outlined in the “Environmental Restoration Ranking” (RMRS 

1995); and 

3) Provide an initial planning basis for funding and the related implementation schedule for 

groundwater cleanup. 

To meet these goals, the Groundwater Conceptual Plan proposes cleanup and/or management of 

contaminated groundwater through source removal, source control, and/or treatment of dissolved- 

phase plumes. Contaminated seeps are also addressed, as these represent the distal ends of the 

contaminated groundwater plumes. The Groundwater Conceptual Plan recommends evaluating 

whether some areas of contaminated groundwater may remain in place, given that the programmatic 

goals can be met without active intervention. 

1.3 DOCUMENT ORGANIZATION 

The conceptual plan for groundwater restoration is presented in five sections: (1) Section 1 .O 

describes the goals and purpose of the groundwater strategy, and presents the organization of the 

report; (2) Section 2.0 provides a summary background on groundwater at WETS; (3) Section 3.0 

presents the action levels and standards developed by the Working Group and describes the 

groundwater monitoring requirements; (4) Section 4.0 describes the various groundwater 

contaminant plumes present at WETS and provides an overview of the proposed cleanup actions 

that may be used; and (5) Section 5.0 summarizes the proposed next steps. 

This document also contains two appendices: (1) Appendix A is a list of acronyms used in this text, 

and (2) Appendix B contains the executive summary of the White Paper - Analysis of Vertical 

Contaminant Migration Potential (RMRS 1996a) 
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2.0 HYDROGEOLOGY AT RFETS 

A basic understanding of the hydrogeologic setting is important for evaluating the nature and ’ 
distribution of contaminated groundwater at RFETS. The current reference documents for 

describing the sitewide geologic, hydrogeologic and groundwater geochemical data at RFETS are the 

“Geologic Characterization Report for the Rocky Flats Environmental Technology Site” (EG&G 

1995a), the “Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology 

Site” (EG&G 1995b), and the “Groundwater Geochemistry Report” (EG&G 1995~). Much of the 

following discussion was derived from these reports. Unpublished plume maps from the 1995 Well 

Evaluation Project were modified to generate the plume configuration maps in this report. 

The WETS plant site is located approximately 4 miles east of the Front Range on a nearly flat-lying 

pediment surface, unconformably overlying nearly flat-lying bedrock (Figure 2-1). A conceptual 

cross section of the local hydrogeologic setting at WETS (Figure 2-2) illustrates that at the site, the 

shallow groundwater flows through two separate water-bearing layers, known as hydrostratigraphic 

units. These units are defined based on observed differences in hydrologic and geochemical , 

characteristics for each flow system. These units are generally referred to as the upper 

hydrostratigraphic unit (UHSU), and the lower hydrostratigraphic unit (LHSU). A third 

hydrostratigraphic unit, a permeable, deep regional artesian aquifer known as the Laramie-Fox Hills 

aquifer, lies below the LHSU and is used extensively as a water supply in the greater Denver area. 

The WETS hydrostratigraphic units are described in the greater detail in the Hydrogeologic 

Characterization Report for the Rocky Flats Environmental Technology Site (EG&G 1995b). 

The UHSU is the predominant water-bearing uni t  of concern at RFETS and is considered to be 

equivalent to the “uppermost aquifer” as defined by the’ Resource Conservation and Recovery Act 

(RCRA). It consists of unconsolidated, sandy and gravely materials mixed with clay (Le., alluvium, 

colluvium, and artificial f i l l ) ,  as well as weathered bedrock claystones and sandstones which are 

hydraulically connected to the alluvium. The LHSU consists of unweathered claystone with some 

interbedded siltstones and sandstones. There is a significant difference in the ability of each unit to 

transmit groundwater. For example, the geometric mean hydraulic conductivity value of 2 x IO4 

centimeters per second (cm/sec) for the Rocky Flats Alluvium (UHSU) is about three orders of 

magnitude greater than that for unweathered LHSU Laramie claystones (geometric mean of 3 x 
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cm/sec) (EG&G 1995b). The hydraulic conductivities of LHSU materials are similar to that required 

for a landfill liner. Wells completed in the UHSU and LHSU generally have poor water-yielding 

characteristics that prevent their development as viable water sources for residential use, although a 

few isolated UHSU well locations (Le., bedrock sandstones in OU 2 (EG&G 1992) and valley-fill 

alluvium in Walnut Creek near Indiana Street (EG&G 1995d) have sustainable well yields that could 

support limited household use. 

The spread of individual groundwater contaminant plumes at RFETS is limited by natural 

hydrogeologic conditions, including: the magnitude and distribution of hydraulic conductivities and 

hydraulic gradients; limited aquifer extent and interception of plume fronts by hydrologic boundaries 

(i.e., interception of groundwater contaminant plumes by drainages); and other physical controls, 

such as bedrock topography and the presence of discontinuously saturated areas, that constrain and 

moderate groundwater and contam inant n~ovement. 

4 

Generally, groundwater flows slowly at RFETS. For example, using Darcy’s Law, the velocify of 

groundwater moving laterally through the Rocky Flats Alluvium i n  the East Trenches Area is 

estimated to be about 50 feet per year (assuming a hydraulic conductivity of 217.3 Wyr, effective 

porosity of 0.1, and hydraulic gradient of 0.0213 ftlft). 

Because natural processes such as sorption and geochemical transformation reactions tend to 

attenuate the movement of organic contaminant plumes in groundwater, the velocity of contaminant 

movement is expected to be retarded relative to the groundwater flow velocity. Contaminants in the 

East Trenches Plume are expected to migrate at rates ranging from about 2.5 and 25 feet per year, 

based on a reasonable range of retardation factors and neglecting the effects of dispersion and 

diffusion. Other processes may further attenuate contaminant movement, such as diffusion of 

aqueous contaminants into clayey matrix materials. Therefore, in  some cases, plume front 

movement appears to be imperceptibly slow. The apparent slow migration rate of some contaminant 

plumes at RFETS, although not fully understood, provides a level of confidence that temporary 

deferment of remedial actions at these plumes will not result i n  undue risks to the environment. 

Groundwater in the surficial deposits of the UHSU generally flows to the east following bedrock and 

surface topography, and ultimately discharges to one of three stream drainages which are the main 
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water pathways offsite. These drainages include Walnut and Woman Creeks, which receive 

groundwater flow from the IA, and Rock Creek, which receives groundwater flow from areas 

essentially unimpacted by RFETS activities. Surface water flow from the IA is controlled by a series 

of impoundments in the Walnut and Woman Creek drainages. These impoundments also intercept 

groundwater flow associated with the valley-fill alluvium and promote intermingling of surface 

water with groundwater prior to release offsite. As a result, there is no known direct hydraulic 

connection between impacted groundwater at RFETS and offsite domestic wells. 

In partially saturated areas, alluvial UHSU groundwater has been shown to preferentially flow along 

predepositional channels cut into the underlying bedrock s~irface (see Figure 2-2). These charinels 

are known to occur in the IA, Solar Ponds, 881 Hillside, 903 Pad, and East Trenches Areas. 

Groundwater flow is often concentrated within these channels, and hillside contact seeps result 

where these channels are cut by erosional surfaces. These channels restrict plume spreading and 

movement. Other hydrogeologic controls for groundwater flow and contaminant transport are 

hydraulic gradient, distribution of subcropping sandstones and claystones, and topography. In the 

IA, features such as interceptor drain systems, buried utility lines, and building foundation drains 

control groundwater flow. 

The lithologic and hydraulic characteristics of the LHSU cause it to act as a regional confining layer 

for the underlying Laramie-Fox Hills aquifer. The LHSU is a natural barrier to vertical groundwater 

flow and contaminant transport that effectively isolates impacted UHSU groundwater from deeper 

strata and the Laramie-Fox Hills aquifer (RMRS 1996a). At the IA the LHSU is estimated to 

measure at least 600 feet in thickness as shown i n  Figure 2-1 (modified from EG&G 1995a). By 

comparison, the average RCRA landfill is lined with only a few feet of similar material. These 

stratigraphic relationships, combined with an observed downward vertical hydraulic gradient, result 

in a LHSU groundwater flow regime that is effectively separated from the UHSU, and is 

predominantly vertically downward rather than horizontal. The available data from groundwater 

I 

monitoring in the LHSU indicates that it is uncontaminated. 

The available hydrogeologic and geochemical data suggest that fractures and faults are not 

significant conduits for downward vertical groundwater flow at RFETS (RMRS 1996a). Evidence of 
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limited shallow hydraulic cominunication between UHSU and LHSU groundwater was found to exist 

in some wells, but these occurrences do not present a pattern consistent with known fault locations. 

L. 

Due to the thickness, lithology, and observed trend of decreasing hydraulic conductivity values with 

depth for the LHSU, it appears that the LHSU has sufficient hydrologic integrity to provide long 

term protection of the Laramie-Fox Hills aquifer froin shallow groundwater contamination (RMRS 

1996a). The executive summary of the White Paper - Analysis of Vertical Contaminant Migration 

Potential - Final Report, RF/ER-96-0040.UN is presented in Appendix C and summarizes the 

hydrologic information used to reach the above conclusions. 

2 
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3.0 ACTION LEVELS AND STANDARDS 

The RFCA Preamble was used as the basis for development of the action levels and standards 

framework for surface water, ground water, and soils. Protection of surface water quality is the 

primary basis for the cleanup and/or management of contaminated subsurface soil and groundwater 

at RFETS. Surface water, groundwater, and soil cleanup are interrelated, and all three media were 

considered in developing a sitewide strategy for RFETS. 

The Action Levels and Standards Framework for Surface Water, Ground Water, and Soils 

(Attachment 5 of RFCA, July 19, 1996) was recently modified to incorporate the clarifications and 

resolutions of issues that were reached after RFCA was signed. The proposed changes are expected 

to be completed by October 18, 1996. The following sections summarize the approaches delineated 

in this document for monitoring and remediating surface water, groundwater, and subsurface soils 

for the purpose of protecting surface water quality and ecological resources. 

3.1 SURFACE WATER 
2 

Groundwater will be managed to protect surface water quality. During active remediation, surface 

water quality standards and surface water management activities will be different than those applied 

after remediation. The water quality standards will apply at points-of-compliance located at the 

outfalls of the terminal ponds and at the Site boundary. These values will also be used as action 

levels upstream from the terminal ponds at existing gauging stations. When cleanup activities are 

complete, on-site surface water will meet surface water quality standards. 

3.2 GROUNDWATER 

As stated in the RFCA Preamble, domestic use of groundwater at WETS will be prevented through 

institutional controls. Because no other human exposure to groundwater is foreseen, groundwater 

action levels are not based on human consumption or direct contact. Instead, action levels for 

groundwater have been selected to be protective of surface water quality and ecological resources. 

This framework for groundwater action levels is based on the assumption that. contaminated t 

groundwater emerges as surface water before leaving RFETS. 
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3.2.1 Action Levels 

The Working Group has defined the action levels for groundwater Volatile Organic Compounds 

(VOCs) only, based on Maximum Contaminant Levels (MCLs) established under the Safe Drinking 

Water Act. MCLs are well-established and accepted values that have been used to guide cleanup at 

other contaminated sites. Where an MCL for a particular VOC contaminant is lacking, the 

residential, ingestion-based Programmatic Risk-Based Preliminary Remediation Goal (PPRG)' value 

will apply. A two-tiered action level approach to groundwater cleanup and monitoring was 

developed to protect surface water and identify areas of groundwater contamination potentially 

requiring cleanup. Tier I action levels consist of near-source action levels for accelerated cleanups, 

and Tier I1 action levels are protective of surface water quality. This approach is described below. 

Tier I 

Groundwater Tier I action levels are based on 100 times the MCL (100 x MCL) and were developed 

to identify potential cleanup targets. Contaminant concentrations in groundwater above the Tier I 

action levels indicate the presence of groundwater contaminant sources which may pose a risk to 

surface water quality. If Tier I action levels are exceeded, an evaluation is required to determine if 

source removal, or other cleanup or management action is necessary to prevent highly contaminated 

groundwater (i.e., contaminant concentrations exceeding 100 x MCLs) from reaching surface water. 

(The evaluation process is described in Section 4.1). This report represents the first phase of this 

evaluation. 

Where action is necessary, the type and location of the action will be delineated and implemented as 

an accelerated action. Additional contaminated groundwater that does not exceed the Tier I action 

levels may also need to be remediated or managed to protect surface water quality or ecological 

resources. ,The plume areas to be remediated and the cleanup levels or management methods used, 

will be determined on a case-by-case basis. 

PPRGs were developed and approved by DOE, EPA, CDPHE, and EG&G in 1995 to establish sitewide 
cleanup targets for environmental contamination. 
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6586 
23 196 
23296 
75992 
0609 1 
23096 
10194 
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The Tier I1 VOC action levels for surface water quality protection were developed to prevent 

contaminated groundwater above MCLs from reaching surface water. When Tier I1 action levels are 

exceeded at the designated Tier I1 wells, groundwater management actions are triggered. Tier I1 

wells are located downgradient of existing plumes to detect the possible spread of the contarqinant 

plumes. If concentrations in a Tier I1 well exceed MCLs during a regular sampling event, monthly 

sampling of that well will be required. Three consecutive monthly samples showing contaminant 

concentrations greater than Tier I1 action levels will trigger a groundwater action. These actions will 

be determined on a case-by-case basis and will be designed to treat, contain, manage, or mitigate the 

contaminant plume. Such actions will be incorporated into the Environmental Restoration Ranking 

and will be given weight according to measured or modeled impacts to surface water. 

The Tier I1 action levels will be applied only at certain wells as described in Section 3.2 of RFCA 

Attachment 5. Table 3-1 presents the list of groundwater monitoring wells designated as Tier I1 

monitoring locations. These wells are located at or near the boundaries of the composite VOC 

plumes shown in Figure 3-1. Additional Tier I1 monitoring wells may be installed, if necessary. The 

results of groundwater sampling and analysis at these wells will be integrated with concurrent 

surface water data for the purpose of evaluating potential impacts to surface water. 
1 

Table 3-1 Tier II Groundwater Monitoring Wells 

Well Number 
P3 14289 
P313589 
7086 
10992 
1786 
10692 
4087 
B206989 
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Insert Figure 3- I 
1 

, 

1 
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All long-term monitoring requirements for WETS, along with the Tier I1 wells identified in this 

Report, will soon be incorporated into an Integrated Monitoring Plan (IMP). The document will 

combine and replace two pre-existing plans: (1) the Groundwater Protection and Monitoring 

Program Plan (GPMPP) (DOE 19G); and (2) the Groundwater Assessment Plan (GWAP) (DOE 

1992a). The document also will describe recent changes to the groundwater monitoring network. 

The IMP will list the wells with their appropriate data quality objectives, the sampling frequency, 

and analyte suite, as well as describe data evaluation and reporting methodologies. The IMP will 

also reference other implementation plans and decision documents from which the requirements are 

derived, and will be updated regularly as programmatic changes occur. 

2 

Analyte suites, sampling frequency, and specific monitoring locations will be evaluated annually to 

adjust to changing conditions such as plume migration and increased understanding of contaminant 

distributions. The present groundwater monitoring network will continue to operate as recently 

modified, until changes proposed in the IMP are agreed to by all parties. All groundwater 

monitoring data, as well as changes in hydrogeologic conditions and any exceedance of groundwater 

action levels, will be reported quarterly and summarized annually. 

All groundwater remedies, as well as some soil remedies, will require groundwater performance 

monitoring. The amount, frequency, and location of any required performance monitoring will be 

based on the type of remedy implemented and will be determined on a case-by-case basis within the 

specific decision documents. 2 

3.3 SUBSURFACE SOILS 

Action levels for VOCs in subsurface soils were developed to be protective of surface water quality 

through groundwater transport of leached contaminants. As there are too many variables to 

accurately model transport of inorganics (e.g., metals and radionuclides) in subsurface soils at 

WETS, the Tier I action levels are the same as Tier I action levels for the corresponding 

contaminants in surface soil. These action levels are human-health risk-based for the appropriate 
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receptor (office work or open-space recreational user), and the approach is conservative since future 

land use scenarios do not include contact with subsurface soil. 

Action levels for VOCs in subsurface soils were calculated using a soil/water partitioning equation 

and a calculated dilution factor (EPA 1994). The partitioning equation used chemical-specific 

parameters and site-specific subsurface media characteristics to calculate the expected equilibrium 

partitioning of a given contaminant between the soil and groundwater. The dilution factor accounts 

for dilution up to the edge of the source location. Subsurface soil contaminant levels that would be 

protective of groundwater to Tier I action levels of 100 x MCLs were then calculated. These action 

1 

levels for subsurface soils and are provided in Table 4 of RFCA Attachment 5. 

Tier I action levels for radionuclides in subsurface soils are the same as Tier I action levels for 

radionuclides in surface soils, with the total dose from multiple radionuclides calculated by the sum- 

of-ratios method. These action levels are the more conservative of: 

0 

0 

An annual radiation dose limit of 15 mrem for the appropriate land use receptor, or 

An annual radiation dose limit of 85 mrem for a hypothetical future resident assuming failure of 

passive control measures. 

Additional subsurface soil may need to be remediated or managed to protect surface water qwlity or 

ecological resources. These additional sites will be determined on a case-by-case basis. 

September 1996 3-6 



RF/ER-95-0121. UN 
Draft Groundwater Conceptual Plan for the 
Rocky Flats Environmental Technology Site 

4.0 GROUNDWATER CONTAMINANT PLUMES AND REMEDIATION 

4.1 IDENTIFICATION 

The VOC contaminated groundwater plumes at WETS have the most potential to impact surface 

water or to migrate offsite as the mobility of VOCs in groundwater far exceeds the mobility of 

metals and radionuclides. These plumes were defined on the basis of the exceedances of the Tier I1 

action levels and are shown on Figure 3-1. Tier I action levels were compared against all 

groundwater data to locate areas of highly contaminated groundwater. These areas were plotted and 

are shown on Figure 4-1 along with proposed locations of the conceptual groundwater actions. 

The probable sources of the VOC contaminated groundwater plumes were identified using the 

available data and process knowledge. The flow diagram (see figure 4-2) describes the method used 

to locate the contaminant plumes and corresponding sources, and to determine which areas should be 

targeted for remedial action. 

There are six groundwater contaminant plumes identified where contaminant concentrations exceed 

Tier I action levels. In addition, there are several plumes and areas of interest where contaminant 

concentrations do not exceed Tier I action levels, or are of very limited extent, but that are of interest 

due their potential to impact surface water above RFCA action levels, or due to their contaminant 

concentrations. The groundwater contaminant plumes with VOC concentrations exceeding Tier I 

action levels are: (1) 881 Hillside Drum Storage Area Plume, (2) Mound Plume, (3) 903 Pad‘and 

Ryan’s Pit Plume, (4) Carbon Tetrachloride Spill Plume, (5) East Trenches Area Plume, and (6)  IA 

Plume. Additional plumes discussed that do not exceed the Tier I action levels, but may have the 

potential to impact surface water, include those at the Present Landfill, Solar Ponds, and the Property 

Utilization and Disposal (PU&D) Yard. 

The 903 Pad and Ryan’s Pit Plume, the Mound Plume, and the East Trenches Plume are part of a 

large composite plume on the east side of RFETS. Even though these contaminant plumes overlap, 

differing sources and flow paths make it effective to treat these parts of the large plume individually. 

4- I 
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4.2 DESCRIPTIONS OF CONTAMINATED GROUNDWATER PLUMES 

The extent of contaminated groundwater plumes in WETS groundwater is not rapidly changing (see 

Section 2.0). The contaminated groundwater plumes are described below with much of the data 

derived from the relevant RFIM reports, data summaries, and the Hydrogeologic Characterization 

Report (EG&G 1995b). 
t 

4.2.1 881 Hillside Drum Storage Area Plume 

The 881 Hillside Drum Storage Area (IHSS 119.1) was in use from 1968 to December 1971. 

Primarily empty drums and scrap metal were stored at this location. Some of the drums had 

previously contained solvents and other organic chemicals. Other drums may have contained 

solvents or other organic chemicals contaminated with plutonium as indicated by the fact that 

hotspots removed in 1994 from this location had elevated plutonium levels (DOE 1995a). 

The OU 1 881 Hillside is located on a south facing hillside that slopes downward from Building 881 

to Woman Creek (Figure 4.2.1-1). The 881 Hillside is crossed by the South Interceptor Ditch (SID) 

which was designed to intercept surface water flow from the plant. In 1992, a French Drain was 

installed across the 881 Hillside to intercept contaminated UHSU groundwater suspected to be 

flowing down the 88 1 Hillside. A 3-ft-diameter recovery well was installed in an area of known 

contaminated groundwater to recover water containing high levels of dissolved VOCs. 
c 

At the 881 Hillside, groundwater occurs in the unconsolidated surficial materials. The surficial 

materials and underlying 5 to 25 feet of weathered claystone are 100 to 10,000 times more permeable 

than the underlying unweathered claystone. This significantly limits the flux of groundwater into 

and through the unweathered claystone (DOE 1994a). 

Groundwater at the 88 1 Hillside does not exist within a continuous, homogenous, shallow aquifer 

system. The UHSU has a highly variable lithology and is not uniformly saturated across the Hillside. 

Large areas are dry, or contain water only in the Spring when water table elevations are typically the 

highest. Groundwater is typically found in disconnected northwest-southeast trending paleochannels 

cut into the bedrock surface where there is a thicker section of colluvium and/or alluvium. Dry areas 

appear to be coincident with bedrock highs and other areas with thinner sections of colluvium andor 
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alluvium. The bedrock topography and surficial deposit thickness can be used to extrapolate where 

groundwater flow may occur (DOE 1994a). 

Recharge to the UHSU is primarily through precipitation, with minor seepage from the Rocky Flats 

Alluvium. Discharge is primarily from evapotranspiration due to the dry climate and slow 

percolation rates, and is enhanced by the south facing slope of the Hillside. Discharge also occurs to 

the French Drain, the recovery well, and to surface water. Several small seeps are found along 

Woman Creek and along slump boundaries where UHSU groundwater intersects the surface. 

Aquifer tests estimate the average flow velocity at 70 feet per year near the 881 Hillside Drum 

Storage Area. Hydraulic conductivities of the surficial materials range from 3 x IO” to 2 x 

cm/sec. The transmissivity of the UHSU was calculated as 1.2 x 10 m /sec, approximately 100 

times less than what Driscoll (1989) considered sufficient to supply water for domestic or other low 

-6 2 

yield purposes. The volume of UHSU groundwater within the entire OU 1 881 Hillside Area was 

estimated at 5 acre-feet in April 1992 (DOE 1994a). 

Groundwater data collected since the installation of the French Drain suggests that the drain is 

successful in collecting much of the UHSU groundwater. For example, the UHSU monitoring wells 

downgradient of the French Drain are generally dry, suggesting that the area has been dewatered 

(DOE 1994a). 

The 881 Hillside drum storage area (IHSS 119.1) is the site of historic releases of chlorinated VOCs 

to the environment from drums stored at this location (Figure 4.2.1-1). These releases have resulted 

in the contamination of shallow alluvial groundwater which has formed a small contaminant plume 

extending about 300 feet to the south-southeast down the 881 Hillside along a paleochannel incised 

into the underlying weathered claystone. Unconsolidated sediments on both sides of this plume are 

unsaturated. 

t 

The source of the groundwater contamination was further characterized during the 1996 field 

program to obtain sufficient data to plan a source removal. The field investigation identified two 

potential source areas: one immediately east of the collection well and one 50 feet northwest of the 

collection well (Figure 4.2.1-1). The eastern source area underlies one of the radiological hot spots 
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removed in 1994. Both source areas could have been caused by leakage from individual drums 

(RMRS 1996b). 

The contaminants in the plume which exceed Tier I concentrations are primarily carbon 

tetrachloride, 1 , 1 dichloroethene, tetrachloroethene, 1 , 1 , 1 -trichloroethane and trichloroethene. 
2 

Figure 4.2.1- 1 provides the distribution of contaminant concentrations in groundwater at this 

location. A small seep located south of IHSS 119.1 and downgradient of the French Drain along 

Woman Creek was sampled once and this sample contained a trace amount of VOCs. It is not clear 

if the VOC concentrations in the seep water are related to the contaminant plume. 

The contaminated groundwater plume is upgradient of the French Drain and does not appear to be 

increasing in size. The recovery well is located within this plume and collects approximately 100 to 

150 gallons per day. This well appears to collect most of the contaminated groundwater originating 

from the contaminated groundwater plume. The French Drain remains in operation and continues to 

collect relatively uncontaminated groundwater which is treated at the Building 891 Consolidated 

Water Treatment Facility. The area immediately downgradient of the French Drain is unsaturated, 

indicating that the French Drain has dewatered much of the area. 

The preferred remedy for this plume is source removal which was mandated by the 1995 dispute 

resolution committee composed of DOE RFFO, EPA and CDPHE. A Record of Decision (ROD) is 

currently in progress which will establish a remedial action based on the Public Comments to the 

recommended alternative of source excavation presented in the Proposed Plan (DOE 1996a). 

4.2.2 Mound Site Plume 

The Mound Site was used for as a disposal site for approximately 1,405 drums from April 1954 to 

September 1958. Drums contained depleted uranium, beryllium, lathe coolant (about 70% hydraulic 

oil and 30% carbon tetrachloride) and tetrachloroethene. Plutonium contaminated waste was also 

stored at this location, but plutonium levels were below detection limits. After it was noted that 

some of the drums were leaking, the drums were removed along with visibly stained soil. In 

addition, radioactive soils were removed at later dates. 
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The OU2 Phase I1 RFIN investigation identified acetone, methylene chloride, tetrachloroethene, 

trichloroethene and cis-l,3,-dichloropropene in the subsurface soils (DOE 1995b). Characterization 

results indicate increasing'concentrations of tetrachloroethene and trichloroethene to a depth of 20 

feet and decreasing concentrations below that depth. The recent Mound investigation (report in 

preparation) delineated the area of contamination as occurring near borehole 14295 and well 1987, 

comprising approximately 400 cubic yards. 

The Mound Site is located at the northern edge of the pediment where up to 12 feet of Rocky Flats 

Alluvium overlies fractured claystone of the Arapahoe Formation. The topography slopes steeply to 

the north away from the Mound Site towards the incised drainage of South Walnut Creek. The 

Arapahoe No. 1 Sandstone subcrops under the alluvium at the northwest corner of the Mound Site. 

This sandstone is truncated by the South Walnut Creek drainage and subcrops beneath the colluvium 

between the Mound Site and South Walnut Creek. 
< 

In the vicinity of the Mound Site, the Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses. The hill 

slope below the contact between the Rocky Flats Alluvium and the underlying Arapahoe Formation 

is covered with unconsolidated colluvium primarily composed of clay, or silty and/or sandy clay. 

1 Caliche is common in both alluvium and colluvium. There are numerous slump features are present 

on the hill slope. 

Depth to groundwater is approximately 12 feet at the Mound Site (within the weathered bedrock), 

and unconsolidated materials are generally dry much of the year. Saturated alluvium occurs in 

bedrock lows and paleoscours in the top of the bedrock. The groundwater flow appears to be 

primarily along the bedrock surface and is probably controlled by small channels incised into the 

bedrock surface. Groundwater flows to the north through the No. 1 Sandstone until it subcrops 

beneath the colluvium, indicated by a line of seeps along the slope towards South Walnut Craek. 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x 

geometric mean for unweathered bedrock is 8 x lo-' cm/sec. Infiltration of precipitation or UHSU 

groundwater into the underlying unweathered claystone is limited (DOE 1995b). 

cm/sec. The 

cm/sec. The . 
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Recharge occurs primarily through local infiltration of precipitation. The Central Avenue Ditch runs 

along the southern boundary of the Mound Site and probably also recharges the UHSU groundwater 

in this area. Discharge from the UHSU is mostly through seeps located where the water bearing 

units are truncated by the South Walnut Creek, and through evapotranspiration. 

The groundwater contaminant plume is poorly defined, but it is suspected to extend northward from 

the former location of the Mound Site (Figure 4-1), to a point of discharge along the south bank of 

South Walnut Creek, upstream of the WETS Sewage Treatment Plant. Depending on the season, 

there may be many unsaturated areas within the plume. Dense nonaqueous phase liquids (DNAPLs) 

in the Mound Site area are suspected to be the source of the groundwater contamination. Trench T-1 

could possibly contribute to this plume; however, dry wells between the Trench T-1 and the Mound 

, Site indicate that the Mound Site is the primary source of the contaminated groundwater plume. The 

groundwater plume at the Mound Site apparently receives oniy minor contribution from VOC 

contamination at the 903 Pad. Wells in both the No. 1 Sandstone and alluvium upgradient of the 

Mound Site contain 0 to 2 ug/l total VOCs (DOE 1995b) (Figure 4.2.2-1). There is an east-west 

bedrock high located between the 903 Pad and Mound Site, near the south side of the Mound Site 

(Figure 4.2.2-2). VOC contaminated groundwater from the 903 Pad generally flows to the south of 

the Mound Site, on the south side of this bedrock high. 

Thirty-five VOCs were detected in the contaminated groundwater at the Mound Site. All except 

tetrachloroethene, trichloroethene, cis- 1,2-dichloroethene and vinyl chloride were below 100 ug/l. 

Tetrachloroethene was the predominant contaminant with the highest concentration of 13,OOd ug/l 

found at the Mound Site. The maximum concentrations of cis-1,2-dichloroethene (214 ug/l) and 

trichloroethene (4 10 ug/l) were detected with the maximum tetrachloroethene value. Concentrations 

of these chemicals decrease towards South Walnut Creek. The maximum vinyl chloride 

concentration detected was 860 ug/l in a well along the South Walnut Creek drainage. The well is 

located over 500 feet from the source area, which indicates that this is a degradation product, not a 

primary constituent (DOE 1995b). 

The contaminant plume is discharging through surface and subsurface seeps along the hillside, and 

along seeps on the south bank of South Walnut Creek. At seep SW059, groundwater containing low 

September 1996 

i ~~ 

4-9 



RF/ER-9.5-0121. W 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

INSERT FIGURE 4-2.2-1 

September 1996 4-10 



RIVER-95-0121. UN 
Drafr Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

INSERT FIGURE 4-2.1-2 

2 

September 1996 

2 

4-1 1 



RIVER-95-0121. UN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site 

levels of VOCs with trace amounts of radionuclides discharges at a rate of 0.5 gallons per minute, or 

less. The seep water is collected and treated at the Building 891 Combined Water Treatment 

Facility . 

4.2.3 The 903 Pad and Ryan's Pit Plume 

This contaminant plume has two closely spaced sources: (1) VOCs associated with drums formerly 

stored at the 903 Storage Area, where the contents of the drums leaked into the subsurface and 

groundwater, and (2) Ryan's Pit where VOCs were disposed of in a trench (Figure 4-1). The 903 Pad 

was characterized as part of the OU 2 Phase I1 Resource Conservation and Recovery Act (R6RA) 

Facility Investigation/ Remedial Investigation (DOE 1995b) and the following information was 

derived from that report. 

The 903 Pad area was used to store drums that contained radioactively contaminated oils and volatile 

organic compounds (VOCs) from the summer of 1958 to January 1967. Approximately three fourths 

of the drums contained plutonium-contaminated liquids while most of the remaining drums 

contained uranium-contaminated liquids. Of the drums containing plutonium, the liquid was 

primarily lathe coolant and carbon tetrachloride in varying proportions. Also stored in the drums 

were hydraulic oils, vacuum pump oils, trichloroethene, tetrachloroethene, silicone oils, and acetone 

still bottoms. 

Leaking drums were noted in 1964 during routine handling operations. The contents of the leaking 

drums were transferred to new drums, and the area was fenced to restrict access. When cleanup 

operations began in 1967, a total of 5,237 drums were at the drum storage site. Approximately 420 

drums leaked to some degree. Of these, an estimated 50 drums leaked their entire contents. The 

total amount of leaked material was estimated at around 5,000 gallons of contaminated liquid 

containing approximately 86 grams of plutonium. From 1968 through 1969, some of the 

radiologically contaminated material was removed, the surrounding area was regraded, and much of 

the area was covered by clean road base and an asphalt cap. 

2 

Ryan's Pit, previously referred to as Trench T-2, is located approximately 150 feet south of the 903 

Pad (Figure 4.2.2-1). The dimensions of the pit are approximately 20 feet long, 10 feet wide, and 
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five feet deep. The Pit was used as a waste disposal site from 1969 and 197 1 for nonradioactive 

liquid chemical disposal. VOCs disposed at this location included tetrachloroethene, trichloroethene, 

and carbon tetrachloride. In addition to VOC disposal, paint thinner and small quantities of 

construction-related chemicals may also have been placed in Ryan’s Pit. According to historical 

data, only the liquids themselves were put in the pit; their containers were either reused or disposed 

of in other areas. 

t 

Materials placed in the Pit were supposedly screened for radionuclide activity prior to disposal. 

However, field investigations conducted in 1987 through 1993 do not substantiate this claim. The 

contaminated soils were removed from this site and treated during the 1995 removal action at Ryan’s 

Pit. Free phase tetrachloroethene and motor fuel constituents were found during this removal action, 

along with degraded drums and plutonium contaminated soils. Free phase DNAPLs are also 

suspected to exist underneath the 903 Pad as high concentrations of VOCs are present in the 

groundwater (greater than 1% of the chemical’s solubility). 

The 903 Pad is located on the flat surface at the southern edge of the pediment. A south facing 

hillside slopes downward from the 903 Pad to the SID and Woman Creek. Ryan’s Pit is located on 

the hillside about 200 feet from the southern edge of the 903 Pad. In the 903 Pad area, the RQcky 

Flats Alluvium is 10 feet thick at the northwest corner of the Pad which is near a bedrock high, and 

25 feet thick at the southeast corner which is within a bedrock channel. The 903 Pad is paved with 

asphalt, and artificial fill is present under the 903 Pad and covers a large area to the south and east of 

the Pad. 

The Rocky Flats Alluvium is truncated by erosion and does not extend to the Ryan’s Pit area. The 

Ryan’s Pit area surficial deposits consist of reworked Rocky Flats Alluvium that has been transported 

down slope, along with other clay-rich colluvium deposits and fill material. Surficial deposits 

consist of colluvium between one and eight feet thick which is primarily clay, and silty or sandy 

clay. Caliche is common in both the alluvium and colluvium. Groundwater at Ryan’s Pit is between 

3 to 10 feet below ground surface. On the slope, there are numerous slump features, and a large 

scarp face is located between the 903 Pad and Ryan’s Pit. 
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Bedrock in the 903 Pad and Ryan's Pit area is primarily composed of weathered claystone of the 

Arapahoe and Laramie Formations. In addition, the Arapahoe No. 1 Sandstone subcrops under the 

alluvium at the extreme northwest corner of the 903 Pad. This sandstone is continuous with the 

Arapahoe No. 1 Sandstone at the Mound Site, where it is truncated by the South Walnut Creek 

drainage. The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

cm/sec. The geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x 

cm/sec. The geometric mean for unweathered bedrock is 8 x lo-* cmkec. Infiltration into the 

underlying unweathered claystone is limited. 

Groundwater flow is complex and is primarily controlled by bedrock surface features, interactions 

between geologic units, and variations in saturated thicknesses. Groundwater flow paths in alluvial 

materials in the 903 Pad and Ryan's Pit area are relatively well-defined by contact seeps with the 

underlying bedrock materials and by numerous wells. However, groundwater flow through the 

hillside colluvium and bedrock is poorly understood. Areas of unsaturated colluvium are common 

and prediction of local flow paths is difficult. Depending on the season, there may be many 

unsaturated areas within the plume. Discharge of contaminated groundwater has not been observed 

from the colluvium or weathered bedrock portion of this plume. 

A large bedrock low (paleoscour) extends from the 903 Pad east and passes directly south of the 

Northeast Trenches. This paleoscour is bounded by bedrock highs to the north and south. Near the 

903 Pad, there is 20 to 25 feet of relief between the paleoscour and the northern bedrock high, and 5 

to 10 feet of relief between the paleoscour and southern bedrock high (see Figure 4.2.2-1). The 

paleoscour directs groundwater flow to the east till it is truncated by the South Walnut Creek 

drainage where alluvial groundwater discharges into the head of a well-developed gully. 

Groundwater flow from the 903 Pad towards the SID and Woman Creek also occurs either by 

overtopping of the lower, southern bedrock high, or through breaks in the bedrock high. During dry 

periods, the bedrock highs restrict alluvial groundwater flow to the south and north. During wet 

periods, when the alluvial groundwater levels are very high, flow may overtop these barriers, 

primarily to the south. 

< 

Groundwater flow in the colluvium follows north-south trending small paleochannels cut into the 

underlying bedrock claystone. One narrow paleochannel, approximately 150 to 300 feet wide, 
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extends from the 903 Pad south through the Ryan’s Pit area (Figure 4.2.2-1). The areas surrounding 

these paleochannels is unsaturated. The southern extent of groundwater flow is not well defined due 

to lack of well control. 

Recharge is primarily from infiltration of precipitation along with some recharge from ditches and 

other surface water features. Wells located to the west of the 903 Pad are generally dry as alluvial 

groundwater inflow from the west is restricted by the claystone bedrock high just west of the 903 

Pad. Unconsolidated materials within the medial portion of the paleoscour tend to be Saturated, with 

the extent of saturation greatest during the Spring. Groundwater flow occurs through the No. 1 

Sandstone until it subcrops beneath the colluvium. Discharge is primarily to seeps located where the 

water bearing units are truncated by the South Walnut Creek drainage. All UHSU groundwater is 

discharged to seeps or into the colluvium. 

’ 

The 903 Pad and Ryan’s Pit Plume is defined as the lobe of contaminated groundwater that flows 

southward from these two source areas. This plume flows southward toward the SID and Woman 

Creek drainage. The lobe of contaminated groundwater which flows eastward from the 903 Pad is 

addressed as part of the East Trenches Plume (Figure 4.2.2-1). 
, 

Contaminated groundwater in the 903 Pad and Ryan’s Pit area is primarily confined to the alluvium 

and colluvium. Total VOC concentrations for the Arapahoe No. 1 Sandstone are approximately 

2,500 ug/l adjacent to the west edge of the 903 Pad with concentrations at other locations less than 2 

ug/l or non-detects. Fifty-seven VOCs were detected in UHSU groundwater for this plume. ‘ 
However, the primary contaminants are carbon tetrachloride, tetrachloroethene, and trichloroethene. 

The southern component of the contaminant plume derived from the 903 Pad contains total VOCs in 

the 5,000 ug/l range near the Pad, diminishing to 1,500 to 2,000 ug/l range upgradient of Ryan’s Pit. 

Downgradient of Ryan’s Pit, the total VOC concentration in groundwater ranges from 57,000 ug/l 

near the Pit to 5 ug/l near the distal end of the plume. The total VOC concentration in contaminated 

groundwater from the 903 Pad which does not also flow through the Ryan’s Pit source is also 

estimated at 5 ug/l when it nears Woman Creek drainage. 

The highest concentrations of many VOC contaminants in the former OU 2 area are located within 

this plume. The highest concentration of tetrachloroethene (1 50,000 ug/l) was detected immediately 
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downgradient of Ryan's Pit and occurred with 1,l-dichloroethene at 380 ug/l. A well installed 

through the center of the 903 Pad contained concentrations of carbon tetrachloride in groundwater at 

20,000 u g l y  chloroform at 39,000 ug/l and methylene chloride at 35,000 ug/l. A well installe'd 

though the northeast corner of the Pad detected tetrachloroethene at 14,000 u d l .  The highest 

concentrations of VOCs in groundwater are near the 903 Pad and Ryan's Pit sources, although wells 

with VOC concentrations exceeding Tier I levels have been observed within the plume away from 

these sources (Figure 4.2.2-1). 

Contaminated groundwater containing tetrachloroethene and trichloroethene may eventually enter 

the South Interceptor Ditch and Woman Creek surface water pathways if no actions are taken to 

manage this plume. Discharge of contaminated groundwater into Woman Creek would pose a 

potential risk to the environment. Collection and treatment of contaminated groundwater from the 

903 Pad and Ryan's Pit plume will reduce the risk to the environment posed by uncontrolled releases 

to surface water. 

4.2.4 Carbon Tetrachloride Spill Plume 
2 

The Carbon Tetrachloride Spill (IHSS 118.1) is located due north of Building 776 and east of 

Building 730 (Figure 4.2.4-1). While there are other IHSSs that overlap IHSS 118.1, (IHSSs 121- 

Tank 9, 121-Tank 10, 131, and 144[N]), the contamination in the area is primarily related to the 

carbon tetrachloride spills. 

IHSS 118.1 is the site where an underground, 5,000-gallon, carbon tetrachloride steel storage tank 

and the associated piping were formerly located. The tank was installed prior to 1970, and probably 

began leaking shortly after installation. Numerous spills occurred before 1970, some between 100 to 

200 gallons (DOE 1992b). The tank ultimately failed in June 1981, releasing carbon tetrachloride 

into the containment structure. The carbon tetrachloride was pumped from the containment structure 

to the surrounding ground surface, and the tank was removed along with a limited amount of soil 

surrounding the tank. The surrounding concrete containment structure was probably removed at this 

time also; but this has not been verified. 
.! 
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The surrounding area has numerous underground and overhead utilities and structures. These 

include clay sanitary sewer lines, electrical lines, tunnels between buildings, process waste lines and 

process waste tanks. Immediately east and partially overlapping this site is a group of four process 

waste tanks oriented east-west, tank groups T-9 and T-10. T-9 consists of two 22,500 gallon 

underground concrete storage tanks. T- 10 consists of two 4,500 gallon concrete underground tanks. 

Both sets of tanks were installed in 1955, but are no longer used as process waste tanks. T-9 is 

currently being utilized as a plenum deluge catch tank for Building 776. No releases from either set 

has been documented (DOE 1995~). 

Due to past construction activities in this area, the material overlying the claystone bedrock is 

predominantly fill material, probably derived from the Rocky Flats Alluvium, along with sode 

remaining undisturbed Rocky Flats Alluvium. The Rocky Flats Alluvium consists of unconsolidated 

gravels, sands and clays with discontinuous lenses of clay silt and sand. The geometric mean for the 

hydraulic conductivity of the Rocky Flats Alluvium is estimated at 2.06 x lom4 cm/sec. 

The recent IA investigation found free product in the subsurface soil and groundwater related to 

IHSS 1 18.1. All four of the soil borings drilled around T-9 and T- 10 intercepted free-phase carbon 

tetrachloride (DOE 1995~). When a water sample was collected at this location, the liquid separated 

into two distinct phases. Other VOCs may be present, but the high concentrations of carbon 

tetrachloride may mask their detection. The top of bedrock surface prior to construction of Building 

771 sloped to the northeast. Excavation during construction of this building altered this surface as 

the claystone surface was found 10 feet or more below where it was expected during the recent field 

investigations. Excavation may have either increased the slope of the bedrock surface, or created a 

bedrock low closed by the building. The bedrock in this area is claystone which limits vertical 

migration of the carbon tetrachloride. As carbon tetrachloride sinks to the lowest possible depth, the 

bedrock surface, building footing drains, and subsurface structures probably control the extent of the 

free-product plume and much of the dissolved phase portion of the contaminated groundwater plume. 

1 

Groundwater flow in this area is to the northeast towards Buildings 771 and 774 where there are 

known footing drains (Figure 4.2.4-2). Buildings 701 and 730 are not believed to have subsurface 

structures. Monitoring wells in the area contain carbon tetrachloride in the groundwater which 

September 1996 4-18 



- ~~ 

RF/ER-95-012 I .  UN 
Drafr Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

INSERT FIGURE 4-2.4-2 

2 

\ 

2 

September 1996 4-19 



RF/ER-95-0121. UN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site 

2 

indicates that a dissolved plume is present in the groundwater. In addition to carbon tetrachloride, 

several other VOCs are present in the groundwater plume; primarily 1 , 1 -dichlorethene, chloroform 

and acetone (Figure 4.2.4- 1). This contaminated groundwater plume may eventually reach the North 

Walnut Creek drainage, especially after removal of the surrounding buildings. 

Carbon tetrachloride and trichloroethene concentrations have been detected in a downgradient well 

completed in the Arapahoe No. 1 Sandstone at the western edge of the Solar Ponds, due east of IHSS , 

1 18.1. Carbon tetrachloride concentrations range from approximately I ,000 to 2 1,000 ug/l and the 

trichloroethene concentrations range from 2,000 to 8,000 ugh. The concentrations fluctuate greatly 

over time, but there is a general decreasing trend. The carbon tetrachloride spill is believed to be the 

source of this contamination and, if true, this would indicate that there is some eastward movement 

of the dissolved phase of the plume. The decreasing trend over time may be a result of the VOCs 

originally in the vadose zone at the time of the spill, flushing out of the upper soil horizon and/or 

settling to the bedrock surface, where there is less contact with groundwater. It is also possible that 

the Solar Ponds VOC contaminantion is related to a still unidentified contaminant source. 

The Solar Ponds area'is in hydraulic connection with subcropping Arapahoe No. 1 Sandstone which 

could act as a conduit to surface water for the dissolved phase carbon tetrachloride plume. The extent 

of the contamination in the sandstone is unknown, and a limited investigation is proposed to 

determine the extent of contamination and whether there is a pathway to surface water. 

4.2.5 East Trenches Plume 

A large plume ofcontaminated groundwater is located in the East Trenches area, primarily 

associated with the trenches on the north side of the East Access Road. These trenches are known as 

the Northeast Trenches and include Trenches T-3, T-4, T-10 and T-1 1. Upgradient wells indicate a 

component of the contaminated groundwater in this area is derived from the VOC contamination in 

the 903 Pad (see Section 4.2.3 and Figure 4.2.2-1). However, the VOC concentrations in 

groundwater increase over 100 times after the groundwater passes through Trenches T-3 (IHSS 110) 

and T-4 (IHSS 1 11.1), indicating a VOC source is present. 
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Trench T-3 is located approximately 300 feet north of the East Access Road and immediately west of 

Trench T-4. Trench T-3 is approximately 134 feet long, 20 feet wide and 10 feet deep (DOE 1992b). 

Trench T-4 is approximately 110 feet long, 15 feet wide, and 10 feet deep (Rh4RS 1996~). The 

trenches were reportedly used sometime between 1954 to 1968 for disposal of sanitary sewage 

sludge, potentially contaminated with uranium and plutonium, and flattened empty drums 

contaminated with uranium. The trenches are also known to contain DNAPLs, crushed drums, and 

other miscellaneous waste. Except for the debris found in the trenches, activities of the trench 

material are below the RFETS soil put-back levels. 

Trench T-3 and T-4 are located at the northern edge of the pediment where up to 18 feet of Rocky 

Flats Alluvium overlies fractured claystone and the No. 1 Sandstone of the Arapahoe Formation. 

Beyond the pediment boundary, the topography slopes steeply to the north towards South Walnut 

Creek. Both the alluvium and the Arapahoe No. 1 Sandstone are truncated by the South Walnut 

Creek drainage. Both of these trknches have been excavated as a source removal action in 1996. 

The unconsolidated surficial deposits consist of the Rocky Flats Alluvium and artificial fill in the 

trenches and are generally dry. The Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses or beds. 

Thickness of the alluvium is approximately 18 feet at Trench T-4 and 16 feet at Trench T-3. Below 

the outcrop of the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

Formation, the slope is covered with unconsolidated colluvium primarily composed of clay, or silty 

and sandy clay. Caliche is common in both alluvium and colluvium. On the slope, there are 

numerous slump features. < 

Underlying the alluvium to the north of the trenches is the continuation of the claystone bedrock high 

from the 903 Pad area. The center of the associated paleoscour runs beneath Trenches T- 1 1 and T- 

10 to the south of Trenches T-3 and T-4 (Figure 4.2.2-2). This feature directs the surficial 

groundwater flow to the east, away from South Walnut Creek. However, the Arapahoe No. 1 

Sandstone subcrops beneath the eastern portion of trench T-3 and most of Trench T-4. This fluvial 

sandstone is incised into the surrounding bedrock claystone and consists of sandstone, clayey 

sandstone, and silty sandstone. The channel of the Arapahoe Formation No. 1 Sandstone is 

approximately 40 feet thick and mostly saturated. Groundwater flow is generally unconfined, and 
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flow within the channel is northward towards South Walnut Creek (EG&G 1995~).  The sandstone 

subcrops beneath the colluvium between the trenches and South Walnut Creek at a spring and seep 

complex. 

2 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

geometric mean for the Arapahoe No. 1 Sandstone hydraulic conductivity is 7 x 

geometric mean for unweathered bedrock is 8 x 

unweathered claystone is limited. 

cm/sec. The 

cm/sec and the 

cm/sec. Infiltration into the underlying 

Recharge of the Rocky Flats Alluvium is primarily through infiltration of precipitation, and 

upgradient flow from within the paleoscour. Recharge to the No. 1 Sandstone is from infiltration of 

precipitation through the surficial deposits, and some flow from upgradient. Discharge is primarily 

to seeps and springs located where the water bearing units are truncated by South Walnut Creek, and 

by evapotranspiration. 

Contaminated groundwater occurs in the alluvium and in the No. 1 Sandstone that is in hydraulic 

connection with the alluvium. While 27 VOCs were detected within the UHSU groundwater, the 

majority were detected at concentrations below 100 ug/l. The major contaminants are 

trichloroethene (maximum value of 94,000 ug/l), carbon tetrachloride (maximum value of 4,500 

ug/l), and tetrachloroethene (maximum value of 1,000 ug/l). During the Soil Vapor Extraction Pilot 

Test Project, stratified water/NAPL samples were collected and analyzed from Trench T-3. These 

1 

samples contained high levels of VOCs, up to 37,000,000 ug/l for tetrachloroethene along with 

semivolatiles, petroleum compounds, and uranium-23 8 at concentrations up to 3,240 pCi/g (DOE 

1995 b). In addition, borehole samples collected from T-4 contained 12,000 ug/kg tetrachloroethene 

and 1,000 ug/kg trichloroethene. 

The downgradient boundary of the contaminant plume is located at a spring and seep complex on the 

south bank of South Walnut Creek, above Ponds B-1 and B-2, where the No. 1 Sandstone subcrops. 

Concentrations of VOCs above 100 x MCLs have been detected by a recent sampling program 

conducted at the seep complex. There may be potential ecological impacts because water from the 

contaminant plume containing tetrachloroethene and trichloroethene has reached South Walnut 
2 
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Creek. If concentrations in the seep complex increase over time, a greater contaminant mass may 

reach surface water. 

A lobe of this contaminant plume extends to the east of the East Trenches area along the paleoscour 

cut into the bedrock surface. However, contaminated groundwater has not reached surface water. 

Uncontaminated alluvial groundwater discharges downgradient of this lobe as seeps in an unnamed 

tributarj drainage to South Walnut Creek. This groundwater will continue to be monitored ensure 

that contaminated groundwater from this lobe does not impact surface water. 

4.2.6 IA Plume 

Several sources in the IA contribute trichloroethene, tetrachloroethene, and carbon tetrachloride to 

the contaminated groundwater plume in the IA. The plume is defined based on a small number of 

wells, and is thought to be principally confined to the east central side of the plant. It is not clear 

whether it is a large coalesced plume, or discrete areas of contaminated groundwater closely 

associated with individual source areas. The contaminated groundwater plume is outside of the 

fenced portion of the protected area (PA) and extends downgradient towards the central portion of 

the IA. Primary contaminant sources are described below and shown on Figure 4.2.4-1. 

I. 

IHSSs 117.1 was used as a general storage yard from before 1959 to the early 1970s and is located 

northeast of Building 55 1 (DOE, 1992b). The IA soil gas investigations found elevated soil gas 

levels of tetrachloroethene (2,200 ugh), with less than 20 ug/l concentrations of trichloroethene and 

carbon tetrachloride and cis- lY2-dichloroethene. Elevated benzene, toluene, ethylbenzene and 

xylene (BTEX) levels are present in the southwest edge of the IHSS (OU 13 data summary). 

IHSS 117.2, located east of Building 551, was used as a chemical storage site from prior to 1971 

until approximately 1988. This site was used to store acids, oils, soaps, solvents, and beryllium scrap 

metal. Minor leaks and spills occurred (DOE 1992b). The IA soil gas investigations determined the 

presence of elevated levels of 1 , l-dichlorethene (2,700 ug/l) along with concentrations above 100 

ug/l for vinyl chloride, cis- 1,2 dichloroethene, trans- 1 ,2-dichloroethene, trichloroethene, and 

tetrachloroethene. Elevated concentrations of BTEX are also present (DOE 1995d). 
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There have been numerous carbon tetrachloride spills within Building 776, resulting in suspected 

under building contamination. This building may be the source of low level concentrations of carbon 

tetrachloride in groundwater on the eastern side of the plantsite. 

The IHSS 157.1 is adjacent to the Building 442 Laundry. Very low level concentrations (below 5 

ug/l) of tetrachloroethene (PCE) were detected in soil gas samples from this location (DOE 1995d). 

< 

IHSS 158 is an area where waste boxes were staged and loaded onto rail cars. This area is 

considered a radioactive site, and is located north of Building 55 1. Soil gas surveys found 

concentrations above 100 ug/l for vinyl chloride, toluene, and BTEX at this location (DOE 1995d). 

IHSS 160 is a parking lot on the west side of Building 444. Drummed and boxed wastes were stored 

at this location prior to paving, and leaked (HRR). The soil gas survey detected tetrachloroethene at 

99 ug/l at this location. Concentrations less than 10 ug/l each of toluene, acetone, and benzene are 

also present (DOE 1995e). 

IHSS 171 is a training area for fire department personnel. In the past, diesel, gasoline and possibly 

waste solvents were ignited for fire fighting training purposes. The area is currently in use, and a 

metal tree is used for burning propane for training. Large volumes of water are used during training 

which may tend to accelerate migration of any contaminant plume. As expected, large 

concentrations of BTEX are present in the subsurface soils. Soil gas samples do not indicate high 

concentrations of VOCs. However, during drilling of a geoprobe hole in this IHSS, the rod came up 

coated with a brown liquid. Unfortunately, a sample could not be collected for analysis. It is 

possible that free product VOC does exist at this location (DOE 1995d). 

2 

The hydrogeology of the IA has not been as extensively studied as other areas at WETS. The 

Hydrogeologic Characterization Report (EG&G 1995) was the primary source for the following 

hydrogeologic information. The IA is located on a pediment capped by tlie Rocky Flats Alluvium. 

The pediment has been eroded at the sides to expose the underlying claystone of the Arapahoe and 

Laramie Formations. The Rocky Flats Alluvium consists of unconsolidated gravels, sands and clays 

with discontinuous lenses of clay silt and sand. Fill material is abundant and usually consists of 
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reworked Rocky Flats Alluvium. The geometric mean for the hydraulic conductivity all of WETS 

Rocky Flats Alluvium is 2.06 x IOm4 cm/sec. 2 

Groundwater occurs under unconfined conditions and flow is generally controlled by the topography 

of the underlying bedrock surface. Groundwater flow direction in the 1A is generally eastward, with 

groundwater in the northern sections flowing to the northeast (Figure 4.2.4-2). Several building 

footing drain systems locally impact groundwater flow. Small bedrock channels are known to occur 

which direct the groundwater flow. 

, 

The IA groundwater plume is greatly influenced by the WETS infrastructure. Groundwater 

recharge in the IA is from upgradient flow, infiltration of precipitation and substantial water losses 

from sewers and water-supply pipelines. Reduction of recharge from these sources could 

significantly reduce the potential for contaminant migration in the subsurface. 

The saturated thickness in the IA is typically 5 feet or less, with the greatest saturated thicknesses in 

the western part of the IA, decreasing to less than 5 feet in the eastern half of the IA. There are many 

unsaturated zones, particularly in the eastern half of the IA. These unsaturated areas are controlled 

by the bedrock, with bedrock highs generally dry. The decrease in saturated thickness in the eastern 

half of the IA may be caused by impermeable areas, such as parking lots and buildings, which 

greatly limit infiltration. In addition, areas of high local recharge may be created adjacent to the 

impermeable areas. Approximately 190 of 438 acres within the IA are covered by impermeable 

material. As a result, a greater amount of storm water runoff is channeled to permeable areas and 

may account for the large variations in saturated thickness. 

Discharge from the IA is probably primarily to building footing drains, engineered structures such as 

the OU 1 French Drain and the Solar Ponds Interceptor Trench System, and potentially to seeps at 

the boundary of the IA. Both the Interceptor Trench and OU 1 French Drain have removed sufficient 

water from the surficial deposits to cause these to be locally unsaturated. Infiltration of groundwater 

into the underlying bedrock is generally limited due to the low hydraulic conductivity of the 2 

unweathered bedrock. 
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The IA groundwater contaminant plume extent is also controlled by interception of the plume by 

building footing drains and by the increased permeability and hydraulic conductivity through buried 

utility corridors. Full understanding of the migration of this plume depends on knowing how the 

various buildings, utility corridors, and sources interact. Unfortunately, there is insufficient 

knowledge of these factors to completely determine the configuration of this plume. 

Figure 4.2.4-2 shows the average concentrations of VOC contaminants in the groundwater wells, and 

the probable contaminant sources. Treatment of contaminated groundwater within the IA does not 

appear to be necessary to protect surface water, because of the limited potential for migration. 

However, ongoing monitoring and evaluation of the groundwater will continue, to detect any 

movement or expansion of the plume. Groundwater remedial actions may become necessary if the 

contaminant plumes expand, migrate significantly or become a threat to surface water. Actions such 

as removal of buildings, removal of subsurface structures, and placing impermeable caps over areas 

must be examined to determine whether these will increase the movement of the contaminated 

groundwater plume. Controls may be required if increased groundwater contaminant plume 

movement results from these actions. 

. 

< 

4.2.7 Additional Plumes and Areas of Contaminated Groundwater 

There are several areas where there are sporadic occurrences of VOC-contaminated groundwater, or 

where there are contaminant plumes with VOC concentrations less than 100 x MCLs. Contaminant 

plumes in the Present Landfill and Solar Ponds groundwater do not contain VOC concentrations 

greater than 100 x MCLs. However, these plumes are of interest because they are associated with 

RCRA units. In addition, a widespread but diffuse VOC plume is located near the PU&D Yard west 

of the Present Landfill. The setting and status of many of these plumes and occurrences are ' 
discussed below. 

Present Landfill Plume 

Operation of the Present Landfill (IHSS 114) for disposal of nonradioactive solid waste began in 

1968 and will continue until the new landfill opens, or another method of waste disposal is available. 

The landfill covers an area of approximately 27 acres (Figure 1-1). The total volume of landfill 

I -  
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material is approximately 4 1 5,000 cubic yards and consists of approximately 29 1,000 cubic yards of 

waste and 124,000 cubic yards of soil cover. 

Elevated tritium and strontium concentrations were detected in leachate draining from the landfill in 

1973. To control the migration of contaminants, interim response actions were taken. Interim 

response activities included construction of a surface-water diversion ditch around the perimeter of 

the landfill, two detention ponds immediately east of the landfill (West Landfill Pond and East 

Landfill Pond), a subsurface intercept system for diverting groundwater around the landfill and a 

subsurface leachate collection system. Between 1977 and 1981, the leachate collection and 

groundwater intercept system were buried beneath waste during landfill expansion. The lateral 

expansion of waste placement resulted in waste being located beyond the extent of the subsurface 

drains to the north and south. In 1982, two soil bentonite slurry walls were constructed to prevent 

groundwater migration into the expanded landfill area. 

Leachate is a product of natural biodegradation, infiltration, precipitation, and migration of 

groundwater through waste. Approximately 5,756,000 gallons of leachate are present in landfill 

debris within the intercept system and above the unweathered claystone bedrock which is considered 

the underlying confining unit. The saturated thickness of surficial materials is greatest near the 

center of the landfill which suggests that recharge may be occurring by groundwater flow under or 

through the north groundwater intercept system. Groundwater inflow may be occurring whel;e the 

groundwater intercept system is not keyed into bedrock. Although an area of the south slurry wall is 

also not keyed into bedrock, well data indicates that it is effective in diverting groundwater. 

\ 

During the Phase I RI/RFI investigation, 38 discrete groundwater samples were taken. In addition, 

1990-1993 monitoring well data from 52 wells were used as the basis for determination of 

preliminary contaminants of concern. Groundwater in the UHSU at OU 7 contained metals, 

radionuclides, organic constituents and nitrates at concentrations higher than background (EG&G 

1994). 

The highest concentration of chlorinated hydrocarbons occurred in groundwater upgradient of the 

landfill. VOC contamination upgradient is composed entirely of chlorinated hydrocarbons. In 

contrast, average BTEX concentrations were highest in leachate collected from within the landfill. 

The BTEX compounds were not detected in upgradient groundwater. Different types of VOC 

contamination are presented within the landfill and upgradient (southwest) of the landfill, suggesting 

that a distinct source of VOC contamination is present upgradient of the landfill. 
2 
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Two separate groundwater plumes exist in the vicinity of the Present Landfill (Figure 3-1). The 

plume from the landfill source is located west of the landfill and is migrating down the No Name 

Gulch drainage. A second plume from an unknown source upgradient of the landfill is located in the 

groundwater south of the current landfill. The second plume is diverted to the south of the southern 

slurry wall. A groundwater divide is located approximately 500 feet south of the southern slurry 

wall. 

Antimony, iron, manganese, tritium, uranium-23 8, chloromethane, ethylbenzene, and vinyl chloride 

concentrations in the groundwater from the landfill plume exceed the Groundwater Tier I1 Action 

Levels. Because of the proximity to No Name Gulch, monitoring and further evaluation are 

required. 

Solar Ponds Nitrate Plume t 

The Solar Evaporation Ponds (SEPs) consists of five surface water impoundments (Figure 1-1). 

From 1953 to 1986, these were used to store and evaporate radioactive process wastes and 

neutralized acidic process wastes containing high levels of nitrate and aluminum hydroxide. The 

materials placed into the SEPs included radioactively contaminated aluminum scrap metal, alcohol 

wash solutions, drums of waste radiography solutions, leachate from the Present Landfill, treated 

sanitary effluent, groundwater intercepted from the Interceptor Trench System (ITS), salt water 

solutions, wash water from the decontamination of production personnel, cyanide wastes, acid 

wastes and miscellaneous other compounds (DOE 19950. Removal of pond sludge began in June 

1985 and was completed for all SEPs by January 1995. 

The SEPs are on the eastern boundary of the pediment capped by the Rocky Flats Alluvium. 

Streams have eroded the pediment to the north and south with topographic relief of 50 to 100 feet. 

Much of the surficial deposits have been disturbed by construction of the SEPs, the ITS, nearby 

buildings and other infrastructure, however, borehole logs suggest that undisturbed Rocky Flats 

Alluvium often occurs below the disturbed ground. 

Thickness of the unconsolidated material ranges from 0 to 25 feet, and averages about 10 feet. The 

Rocky Flats Alluvium overlies over the erosional bedrock surface and consist of poorly to 
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moderately sorted gravel, sand, silt and clay with boulder to pebble size clasts derived from the 

nearby Front Range. Artificial f i l l  was used as for road grade fill, berm construction, recontouring 

around engineered structures, and to fill in lows for the surface impoundments. Fill consisted of 

reworked Rocky Flats Alluvium with imported offsite materials including crushed rock, plus sandy 

clay and gravel with fragments of concrete rubble. The Arapahoe Formation unconformably 

underlies the Rocky Flats Alluvium and f i l l  materials. Claystone is the predominant subcropping 

lithology, but the No. 1 Sandstone subcrops in the vicinity of South Walnut Creek. 

2 

The shallow, unconfined groundwater occurs in unconsolidated surficial material and fractures in the 

underlying bedrock and the potentiometric surface generally mimics the surface topography. 

General flow direction is to the northeast under the SEPs. A bedrock high trending east-west under 

the SEPs diverts the northern flow to the north-northeast towards North Walnut Creek, and the 

southern flow to the east-southeast towards South Walnut Creek. Unsaturated areas are present over 

a large part of the area, in part due to the ITS. However, unsaturated areas to the south and east are 

not impacted by the ITS. The saturated thickness varies from 0 to 5 feet over most of the area, and is 

thinner along topographic highs, or on slopes where there are thin alluvium or colluvium deposits. 

Along North and South Walnut Creek, the saturated interval can be as much as 10 feet thick. 

Hydraulic conductivity for the Rocky Flats Alluvium in this area is around 10” cm/sec. No data 

were given for the fi l l  material. The hydraulic conductivities for the subcropping bedrock claystone 

ranges from 

ranges from to cm/sec (DOE 1996b). 

to cm/sec. The hydraulic conductivities for the subcropping bedrock sandstone 
2 

A large UHSU nitrate plume extends north and east from the Solar Ponds to the North Walnut Creek 

drainage above Pond A-1. Three wells with uranium concentrations above background are also found 

in the contaminated groundwater plume. A lobe of this nitrate plume extends to the southwest for a 

short distance. While the primary nitrate source has been removed for several years, this contaminant 

plume still contains nitrates at concentrations above 100 x MCLs. However, samples taken from the 

ITS show that nitrate concentrations within the plume are decreasing. For November 1993, nitrate 

concentrations were 366 mg/l, and in June 1995, nitrate concentrations were 277 mg/l (RMRS 

1996d). The ITS was installed to intercept contaminants and capture the nitrate plume. It was 

replumbed in 1993 to increase its effectiveness. The ITS captures approximately 2.7 million gallons 
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of water per year, but is not entirely effective in preventing nitrate contamination from impacting the 

North Walnut Creek drainage (DOE 1994b). 

I 

VOCs are present in the groundwater at the western edge of the Solar Ponds Area and are,most likely 

related to the carbon tetrachloride spill from IHSS 118.1 discussed earlier (Section 4.2.4.) Carbon 

tetrachloride is present at well P210189 at concentrations of 4,700 ug/l, along with tetrachloroethene 

at 1981 ug/l and trichloroethene at 2,200 ugh. This well is completed through 4 feet of silty 

sandstone at a depth of 3 1 'feet which is believed to be the Arapahoe No. 1 Sandstone. This 

subcropping sandstone could act as a conduit for the dissolved phase carbon tetrachloride plume. 

The extent of the contamination in the sandstone is unknown, and a limited investigation is proposed 

to determine the extent of contamination and whether there is a pathway to surface water. 

PU&D Yard Plume 

The PU&D Yard has been used since 1974 to store drums, cargo boxes and dumpsters. The PU&D 

Yard is located northwest of the industrial area in an area approximately 225 feet by 830 feet (Figure 

1 - 1). Materials known to have been stored there include spent batteries, metal shavings coated with 

lathe coolant, and drums of spent solvents such as paint thinners and waste oils. Drummed 

hazardous material was also transferred in this area. Subsurface contamination may exist from 

historical spills associated with past hazardous material transfer operations and storage at the site. 

Releases of battery acids and leaks from dumpsters and drums of spent solvents and waste oils have 

been reported. 

The PU&D storage yard is underlain by the Rocky Flats alluvium which is approximately 25-30 feet 

thick in the vicinity. The alluvium is underlain by Arapahoe Formation claystone. Groundwater in 

this area flows to the east through the UHSU materials, mimicking the surface topography. 

Recent soil gas investigations have verified the presence of volatile organic compounds immediately 

outside the eastern boundary of the PU&D storage yard. Organics, metals, and radionuclides have 

also been detected in surface soils (DOE 19958). However, there are no subsurface samples of the 

soil and groundwater from this area. 
I 
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An area of poorly defined, contaminated groundwater, with VOC concentrations slightly above the 

MCLs, is located downgradient of the PU&D Yard, and upgradient and to the south of the Present 

Landfill. Further investigation is required to identify the source or determine whether there is 

potential for impact to surface water quality. 

Other 881 Hillside Groundwater Contamination 

There are several one-time detects of VOCs in groundwater along the 881 Hillside (Figure 1-1). 

These do not seem to be related to a source, and may be more related to the problems of detecting 

very low levels of VOCs. In addition, there are two areas where contaminated groundwater has been 

identified, but where no action is required. Immediately adjacent to Building 88 1, there are sporadic 

detects of low concentrations of chlorinated solvents in groundwater. This suggests that several 

small point sources may exist in this area that are related to building operations. 

The UHSU monitoring wells within the IHSS 119.2 drum storage area are dry or do not detect 

VOCs. However, there are infrequent detects of VOCs in groundwater sampled from two wells 

located within the drainage downgradient from IHSS 119.2. The source of these sporadic VOC 

detections may be the volatile plume derived from the 903 Pad. 

In addition to the VOC contamination, the 881 Hillside groundwater contains selenium and 

vanadium at above background levels. Neither of these elements is a documented WETS waste, nor 

requires remedial action to protect surface water. 

Old Landfill Groundwater Contamination 
< 

The Old Landfill was in operation from 1952 to 1968 and was used to dispose of approximately 2 

million cubic feet of miscellaneous WETS waste (Figure 1-1). Accurate and verifiable records of 

the material placed into this landfill are not available, but all of the waste material was considered 

non-hazardous at the time. However, paint, solvents, paint thinners, oil, pesticides, and cleaning 

agents were placed in the landfill as these were not considered hazardous in 1968. The landfill also 

received some beryllium, depleted uranium, and used graphite. The Old Landfill does not have a 
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liner, but the underlying unweathered claystone has a permeability of 

landfill was closed with a soil cover sometime after 1968 and prior to 1980 (DOE 1996~). 

to cm/sec. The 

Groundwater occurs in the surficial deposits, primarily in the landfill material and alluvium. Many 

groundwater samples were collected during the OU5 RFI/RI investigation from wells, hydropunch 

samples from boreholes, and one-time samples from well points. The groundwater COCs identified 

for the Old Landfill are barium, manganese and radium, however, these do not correlate wellhith 

the waste known to be disposed at this site. Two small areas of VOC contaminated groundwater in 

are present in the Old Landfill area. One area is associated with a subsurface soil gas anomaly, the 

other is upgradient of the Old Landfill, probably related to the IA (Section 4.2.6). 

The OU5 RFI/RI soil gas investigation (DOE 1996c) located two, small, subsurface soil gas 

anomalies at the Old Landfill. One area is approximately 50 feet by 50 feet and associated soil gas 

samples contain trichloroethene and 1,l , 1-trichloroethene, and the other is about 64 feet by 64 feet 

and associated soil gas samples contain tetrachloroethene and trichloroethene. Trichloroethene 

(maximum concentration of 19 ug/l) is sporadically detected in groundwater at one well associated 

with the larger anomaly. There are no VOCs in groundwater associated with the other anomaly. 

One well upgradient of the Old Landfill (P416789) has had three historical detects of TCE. This 

well is probably detecting contaminated groundwater from the Industrial Area Plume. Seep samples 

from a location immediately downgradient of this well also contained trace amounts of VOCs. 
2 

Walnut Creek Drainage Groundwater Contamination 

Several wells in the area of the OU 6 trenches (IHSSs 166.1, 166.2 and 166.3) have detected low- 

level VOC and metal groundwater contamination. Neither the subsurface soil samples taken from 

the OU 6 trench area nor the wells within the nearby Present Landfill contain the same contaminants 

found in the OU 6 wells which are located outside of the Present Landfill slurry wall. However, 

wells upgradient of the Present Landfill and outside of the slurry wall exhibit similar contaminants 

and concentrations (see PU&D Yard plume above) (DOE 1996d and EG&G 1994). 
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There several theories for the occurrence of these low levels of VOCs and metals (DOE 1996d):. 

The trenches (IHSSs 166.1 to 166.3) may be the source of contamination and the field 

investigation did not detect these sources, 

The Present Landfill is the source, and the southern intercept wall is inadequate, 

Wastes may have been emplaced beyond the southern slurry wall, or 

Contamination is from a source upgradient of the Present Landfill, potentially the PU&D yard. 

VOC contaminated groundwater is found upgradient of the Present Landfill (average total VOC 

concentration of 71 ug/l), as well as south of the slurry wall (3 1 to 68 ug/l average total chlorinated 

hydrocarbons). In addition, well data indicates the south slurry wall is effective (EG&G 1994). 

Therefore, it is most likely that the contamination has migrated from a source upgradient of the 

Present Landfi 11. 

4.3 CLEANUP ALTERNATIVES 

The goal of this Groundwater Conceptual Plan is to manage and/or cleanup groundwater in order to 

be protective of surface water quality. The proposed cleanup of contaminated groundwater involves 

source removal or source containment, with treatment or management of the contaminated 

groundwater plumes, to achieve this goal. Conceptual remedies for each major contaminant plume 

were developed by assessing the available technologies, and proposing a cost-effective, readily 

available technology. 

Both active and passive remedial actions were initially considered. Active treatment actions such as 

pump-and-treat methods are well-known and accepted, but typically have high operation and 

maintenance costs, can have a negative impact on wetlands, may consume groundwater, have limited 

application in clayey aquifers, and are relatively inefficient for DNAPL source removal. Passive 

treatment actions include passive collection of groundwater with ex situ or in situ treatment. These 

systems may have higher initial capital costs, but have lower operation and maintenance costs, low 

energy consumption, no water consumption, and reduced equipment requirements. Passive qeatment 

will collect DNAPL contaminated groundwater, but also will not remove the source. 

I -  - 
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The pump-and-treat methodology is commonly used and accepted. EPA has identified the pump- 

and-treat methodology as one of the most frequently used methods for groundwater remediation, but 

recognizes that pump-and-treat methods may require decades of potentially expensive operations to 

achieve cleanup levels (EPA 1992). A preliminary analysis was performed on t!ie potential 

effectiveness of pump-and-treat methods at WETS. The analysis concluded that pump-and-treat 

methods would not be an effective treatment for most contaminant plumes at RFETS, based on the 

following: 

. Neither the UHSU nor the LHSU are capable of producing significant quantities of water, 

because both have a relatively large clay content. 
I 

0' Aquifer tests conducted at WETS show that, for the most part, aquifer yields are low, 

ranging from 0.000006 gpm to 12 gpm, with an average of 0.3 gpm (EG&G 1995b). 

0 Factors limiting water production within the UHSU include relatively thin saturated 

thicknesses and the presence of broad areas that become unsaturated during the fall and early 

winter (EG&G 1995b). 

0 Surficial deposits at RFETS have hydraulic conductivities in the 10-3 to 1 O4 cm/sec range, 

whereas weathered and unweathered claystone bedrock have hydraulic conductivities in the 

cm/sec range. The valley-fill alluvium is the most permeable unit, but no contaminant 

sources are known to be present in this unit. 

e Due to the relatively low permeability of the geologic units at WETS, cones of deprkssion 

induced by groundwater removal would typically have.very steep gradients, requiring a large 

number of closely spaced wells to effectively implement pump-and-treat remediation. 

0 Upgradient extraction of groundwater may adversely impact the present widespread 

distribution of seeps and springs (EG&G 1995b). 
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0 Most of the contaminant plumes in WETS groundwater have suspected DNAPL sources 

which are difficult to remediate by using pump-and-treat or passive methods because: 

- DNAPLs have low dissolution rates in water and are denser than water, and 

therefore tend to sink to the bottom of the unit. 

The high clay content tends to adsorb DNAPLs, making these difficult or impossible 

to remove. 

Pump-and-treat remediation leaves residual DNAPLs, which will continue to act as a 

source, further releasing dissolved contaminants to the groundwater system. 

1 

- 

- 

It may be possible to implement pump-and-treat methods for groundwater near the East Trenches, 

where the No. 1 Sandstone is contaminated. However, a large number of closely spaced wells would 

be required to effectively pump-and-treat groundwater due to the low conductivities and the resulting 

steep cones of depression. DNAPL contamination could easily remain after treatment. For these 

reasons, and the associated higher costs for this methodology, the pump-and-treat option was not 

considered as the proposed remediation treatment in this area. 

When properly placed, a passive collection system near the distal ends of plumes will effectively 

capture the DNAPL-contaminated groundwater, but a contaminated plume would be left upgtadient 

to naturally attenuate (DOE 199531). The contaminants in the plume will degrade with time, and 

upgradient water will flush the source material toward the collection system. 

All proposed actions discussed below were selected to be effective, inexpensive to install and 

operate, and require minimal plant infrastructure support. For these and the preceding reasons, 

passive treatment actions are the preferred proposed remediation. 

Passive systems proposed for treatment of contaminant plumes in W E T S  groundwater include: 

0 In situ passive collection and treatment system such as a funnel and gate, where 

contaminated groundwater is funneled into a reactive barrier by selective placement of 

relatively impermeable barriers. Treated water is released back into the groundwater 

1 

J 
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downgradient of the barrier. Such treatment systems have been used effectively at other 

sites. 

. Collection of contaminated water from springs, seeps, and/or shallow drains, then pumping 

the collected water to an existing treatment facility (Building 891 Combined Water 

Treatment Facility), and discharging the treated water to the surface water system. 

Passive collection of contaminated water from springs, seeps, and/or shallow drains, then 

using gravity to feed the collected water through a nearby, ex situ treatment system, which 

uses granulated activated carbon, reactive iron, or other simple treatment options such as air 

strippers. 

The passive treatments proposed in this plan could use any of these methods and are conceptual in 

nature. No engineering feasibility analyses were performed and the proposed remedial actiolis were 

not evaluated with regard to changing site conditions over time. Before implementation of any 

remedy, an evaluation will be done to determine the most appropriate, effective, implementable, and 

cost-effective remedy for each plume of contaminated groundwater. The result of these evaluations 

will be presented as part of ASAP or in a planning or implementation document such as an Interim 

Measure/Interim Remedial Action (IhUIRA), along with the data used to make the decision. It is 

possible that, as a result of these evaluations, different remedial actions will be selected for the 

different contaminant plumes in WETS groundwater. 

Assumptions 

The proposed conceptual remedial actions for treatment of contaminated groundwater were 

developed using the following assumptions: 

2 . WETS groundwater will not be used for domestic or other consumptive purposes, and there 

are no pathways for contaminated groundwater to directly impact human receptors. 

* Groundwater will be managed or remediated to protect surface water and to minimize 

potential ecological impacts due to entering the surface water system. 
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Source removals or containment of subsurface soil sources will be designed to prevent 

further migration of groundwater containing contaminant concentrations greater than 100 x 

MCLs. 

Remediation and plume management will preserve wetlands where possible. 

Proposed actions will be implemented using cost-effective methodologies. 

Based on preliminary analysis, passive groundwater treatment or containment would'appear 

to be the preferre'd remedial alternative for most contaminant plumes in  RFETS groundwater. 

Performance monitoring will be conducted for all remediation systems to verify 

effectiveness. 

The remediation and management decisions described herein are based on the existing data 

set for contaminant plumes, as well as on known technologies that are believed to be 

applicable to treatment of WETS groundwater. 

For this plan, the proposed actions are assumed to be passive treatment or containment 

devices. Passive treatment systems will be sited downgradient from the sources and 

coincident with the Tier I boundary within the plume, or where otherwise practicable and 

feasible. The actual remedial actions and location ofthese actions will be decided on a case- 

by-case basis and detailed in an IMnRA or Proposed Action Memorandum (PAM) before 

implementation. 

. 
2 

An abbreviated alternatives analysis for any proposed action will be presented as part of 

ASAP or as an ImRA decision document. 

As per RFCA, contaminant plumes in RFETS groundwater which are stable and do not 

impact surface water above action levels will not require cleanup. 

All remedial actions will be consistent with the proposed end-state of RFETS. 
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I '  

4.4 POTENTIAL CLEANUP ACTIONS 

Using available information, the following potential actions were conceptually developed,forteach 

major VOC contaminant plume in groundwater. As contaminated seeps are the most distal ends of 

these contaminated groundwater plumes, these will be managed through cleanup of groundwater 

sources, natural attenuation, andor interception at or upgradient of seep locations in accordance with 

the action level framework and the ER ranking. Further analysis of alternatives for feasibility, cost 

effectiveness, and suitability must be performed before initiating any action. Figure 4-1 shows the 

conceptual location of the groundwater actions. 

4.4.1 Potential Action for the 881 Hillside Drum Storage Area Plume 

The final remedy proposed for OU 1 is to excavate those soils containing VOC concentrations 

greater than the Tier-I action levels. The volume of the source area requiring excavation is estimated 

at between 900 and 1,900 cubic yards of colluvium and weathered bedrock. Excavating the source 

will also remove much of the contaminated groundwater above Tier I action levels (Sampling and 

Analysis Report, 1996). After demonstrating that this proposed remedy has been effective, and that 

the source and much of the resulting contaminated groundwater have been removed, the French 

Drain and recovery well are expected to be removed from operation. 

1 

This remedial action will be protective of surface water quality, and should reduce or eliminate any 

potential long-term stress to environmental receptors of contaminants that may reach Woman Creek. 

4.4.2 Potential Action for the Mound Site Plume 

Cleanup of the Mound Site contaminated groundwater plume will consist of excavating the 

subsurface soil exceeding Tier-I action levels for soil cleanup criteria for VOCs. Contaminated 

materials in Trench T-1 will also be removed using the same criteria. The remedial action proposed 

for the groundwater with concentrations of VOCs in excess of Tier I action levels is to perform near- 

surface collection of the plume front before it reaches South Walnut Creek. Interception of the 

contaminant plume will be accomplished by making improvements to the existing seep collection 
1 
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system at SW059. The contaminated water is expected to be treated by a passive system installed 

along the south bank of South Walnut Creek. 

Containment and treatment of the contaminant plume in Mound Site groundwater will result in a 

reduction of risk to the environment posed by uncontrolled releases of contaminated groundwater to 

surface water. 

4.4.3 Potential Action for the 903 Pad and Ryan’s Pit Plume 

The proposed action is to remove contaminant sources exceeding the Tier I soil action levels for 

VOCs in soil from the 903 Pad area. Removal of the subsurface soils in the Ryan’s Pit area has 

already been completed. The remedial action proposed for the groundwater with concentrations of 

VOCs in excess of Tier I action levels is to perform near-surface collection of the plume front before 

it reaches Woman Creek. The contaminated water is expected to be treated by a nearby passive 

system. 

4.4.4 Potential Action for the Carbon Tetrachloride.Spil1 Plume 

There are three potential actions identified for this groundwater contaminant plume: (1) source 

removal by using shallow recovery wells to remove as much of the free-phase carbon tetrachloride as 

possible, (2) removal of the contaminated soils, adjacent tanks, and associated piping, and/or (3) in 

situ treatment such as steam stripping. At this time, the building infrastructure in the area is 

containing this plume. Monitoring must continue to ensure that contaminated groundwater does not 

impact surface water. After removal of the infrastructure, near surface capture of this plume may be 

required to minimize impacts to surface water. If required, the captured water will be treated at a 

nearby passive treatment plant. This area may be capped as part of the 1 O-Year Plan. The impact on 

groundwater must be determined to see if additional controls are necessary. 

4.4.5 Potential Action for the East Trenches Plume 

Source remediation for Trenches T-3 and T-4 was completed in 1996 to remove subsurface soils that 

exceed the applicable WETS soil cleanup criteria for VOCs. This action removed the contaminant 
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source of this contaminated groundwater plume. The remedial action proposed for the remaining 

contaminated groundwater plume is to install a near-surface plume capture system near the distal end 

of the plume, and to use passive technologies to treat the contaminated groundwater. 

4.4.6 Potential Action for the IA Plume 

This groundwater contaminant plume may not require action because source removal and D&D 

activities should remove contaminant sources, the source of water in the plume will be reduckd over 

time as capping and/or regrading and revegetation reduces infiltration, and water loss from the 

WETS utilities will be eliminated. Monitoring must continue to ensure that contaminated 

groundwater does not migrate, or create a threat to surface water. An upgradient groundwater 

barrier is not recommended as preliminary calculations indicate that only 15 percent of the present 

recharge (precipitation plus groundwater influx) to the IA could be diverted by an upgradient barrier, 

preventing approximately 4 gallons per minute of groundwater flux from entering the IA. 

4.4.7 Potential Actions for Additional Plumes 

Present Landfill Plume 

An interim remedial action has been installed at this location to collect the contaminated 

groundwater and leachate flowing from the landfill for treatment. This gravity-driven system 

consists of cement vaults for collecting the contaminated water. Treatment includes a settling basin, 

bag filters to remove suspended solids, and granular activated carbon to remove organic chemical 

constituents. Contaminated water is treated to comply with established cleanup levels. This 

treatment should effectively mitigate the potential ecological risk from the contain iiiants of concern. 

The treatment system may change or be eliminated once the Present Landfill cap is installed, because 

groundwater migration may no longer be a concern. 

2 

Solar Ponds Nitrate Plume 

Proposed remedial actions for the groundwater nitrate plume, if required, will be developed at a later 

date, based on final cleanup standards and site-specific hydrogeologic conditions. No source 

September 1996 4-40 
2 



RF/ER-95-0121. UN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site 

removal is planned for nitrate-containing media. However, a cap/cover is being considered, which 

would reduce the groundwater recharge and the flow through the nitrate-contaminated soils. 
2 

Recommendations from the Working Group, if approved by the Water Quality Control Commission 

(WQCC), will change the stream classification for nitrates from drinking water to agricultural. 

There is some possibility that this surface water will be used for irrigation. Measures are being 

implemented which will restrict use of this water for domestic use. If the drinking water 

classification is lifted, then the nitrate concentrations seen in the surface water as a result of the 

nitrate plume are acceptable for all of the remaining uses, and could be of benefit for irrigation. 

PU&D Yard Plume 

A limited field investigation will be completed in 1997 to determine the impact to surface water. 

This may be followed by a source removal the same year. The limited field investigation will 

determine whether groundwater remedial action(s) are required to protect surface water. 

t 

Other 881 Hillside Groundwater Contamination 

No action is required to mitigate this plume as it is not impacting, or expected to impact surface 

water. Any point sources around the building are expected to be dealt with during building 

demolition. 

Old Landfill Groundwater Contamination 

The VOC contaminated groundwater associated with the Old Landfill is limited i n  extent, closely 

related to a small source area, and is not a threat to surface water quality. Therefore, this 

contaminated groundwater does not require any action. 
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Walnut Creek Drainage Groundwater Contamination 

It is most likely that the contamination in this area has migrated from a source upgradient of the 

Present Landfill, potentially the PU&D,Yard (see above). Contaminated groundwater in this area 

will be addressed as part of the remedy for the upgradient plume. 

4.5 PLUME RANKING 

Sources or contaminant plume above action levels that are determined to be candidates for remedial 

actions have been prioritized to determine the sequence in which remediation will occur. To 

accomplish this task, a methodology was developed by CDPHE, EPA, K-H, and RMRS staff)o rank 

the known environmental risks at WETS and is outlined in the “Environmental Restoration (ER) 

Ranking” (RMRS 1995). 

The ER ranking is currently being updated to incorporate the new action levels. Sites are ranked 

using the following criteria: 1) concentrations of contaminants present in soil, subsurface soil, and 

groundwater; 2) impact to surface water; and 3) the potential for further release which quantifies the 

possibility that source material will continue to release contaminants into the environment. The 

resulting prioritized list is used to determine the general order in which to implement remedial 

actions. 

’ 
This methodology incorporates a very conservative approach. As a result, IHSSs, areas and 

groundwater plumes where formal risk assessments have determined that there is no unacceptable 

risk may rank higher than expected on the prioritized list. 
2 

The Working Group recommended that the groundwater plumes be prioritized separately from the 

contaminant sources to allow the groundwater actions to be initiated separately from the source 

removal actions. The methodology for ranking the groundwater plumes follows: 

1 )  Action Level Framework Score: Analytical data for VOCs in groundwater since 1990 

were compared to the proposed Tier I1 action levels, and a ratio of the analytical result to 

Tier I1 action level value was calculated. The maximum ratio for each analyte within the 
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contaminant plume was tabulated, and a total score for each groundwater plume was 

calculated by summing the maximum ratios. The resulting summed values were then 

converted to a Score Ratio using Table 4- 1. 

2) Impact to Surface Water: A rating of 1 to 3 was assigned to each plume based on the 

evaluation of whether or not the groundwater contaminant plume was impacting surface 

water at Tier I action levels (a rating of 3), had the potential or was impacting surface water 

at Tier I1 levels (a rating of 2), or did not pose a threat to surface water at this time (a rating 

< 

of 1) .  

3) Potential for Further Release: A rating of 1 to 3 is assigned based on an evaluation of 

whether or not there is a potential for contaminants to continue to migrate into groundwater 

(i.e., is an uncontained source present?). If there is probably free product present, a rating of 

3 is assigned, if high concentrations of contaminant are present in soil, a rating of 2 is 

assigned and if there is probably no uncontained source present, a rating of 1 is assigned. 

Because the groundwater plumes are ranked separately from the contaminant sources, and 

the contaminants are already in the groundwater, the potential for further release for all 

plumes is rated as a 1. 

Table 4-1 Converstion Table for Scores 

Summed Groundwater Ratios 
> 20,000 

10,001 - 20,000 
5,001 - 10,000 
1,001 - 5,000 
501 - 1,000 
251 - 500 
126 - 250 
76-  125 
26 - 75 
1 - 2 5  

Score Ratio 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

The ER Ranking was recalculated in September 1996 using the new action levels and standards, and 

including the groundwater contaminant plumes. Table 4-2 provides the rankings of the groundwater 

contaminant plumes above Tier I action levels as they appear within the overall ER Ranking. 
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Plume I Enking 
Mound Site 6 
903 Pad and Ryan's Pit ' 10 
East Trenches 11 
PU&D Yard 15 
881 Hillside Drum Storage Area 17 

IA 20 
Solar Ponds 22 
Present Landfill 26 

Carbon Tetrachloride Spill 18 

Table 4-2 Ranking of the Groundwater Contaminant Plumes above Tier I Action Levels 

Comments 

Ryan's Pit source removed 
Trenches T-3 and T-4 sources removed 

Ranking due to nitrate concentrations 
Groundwater presently col lectedtreated 
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5.0 NEXT STEPS 

Additional data must be collected and/or analyzed before implementing actions. Not all groundwater 

contaminant plumes and sources are characterized sufficiently to implement an action, and 

appropriate methodologies for collection and treatment must be identified. The ecological impacts 

of groundwater collection and treatment must be determined, as collection of the distal plume 

boundaries may irreparably damage wetlands and seeps. 

Before implementation of any remedy, a planning or implementation document such as an Interim 

Measurehterim Remedial Action (IWIRA) or PAM must be prepared, and an engineering design 

must be completed. 

Based on the currently available information, following are the steps already completed towards 

groundwater remediation, and the proposed next steps. All of these activities have been proposed for 

funding within the next 5 years. 

0 Soils in OU 1 881 Hillside Drum Storage Area (IHSS 119.1) that contain contaminant 

concentrations above action levels may be excavated, removing material above the Tier I 

Action Level. Because the source of groundwater contamination would be removed, the use 

of the French Drain system and recovery well may no longer be necessary. After monitoring 

demonstrates the effectiveness of the remedy, these will be removed from service. 

2 

The seep near Woman Creek will be evaluated to determine whether it is related to the 881 

Hillside Drum Storage Area, and if there is an impact to surface water above action levels. 

0 The source of the Mound plume is anticipated to be remediated as an accelerated action. 

Pre-remedial investigations were completed in 1996 to delineate the extent of the 

contaminant source for this plume. Further pre-remedial investigations to determine the 

extent of the distal end of the groundwater contaminant plume, and effective, passive 

treatment methodologies are expected to continue in the near future. Gravity-flow passive 

treatment systems will be the preferred option. 

2 
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e The sources of the 903 Pad and Ryan’s Pit plume are scheduled to be removed. The Ryan’s 

Pit source has already been characterized and remediated. Pre-remedial investigations are 

proposed to determine the extent of the source. ‘The distal ends of the groundwater 

contaminant plumes require better definition in order to appropriately site collection and 

treatment systems. Gravity-flow passive treatment systems will be the preferred option. 

e A pre-remedial investigation is proposed for the carbon tetrachloride spill plume (IHSS 

118.1) to better define the source, and to evaluate remedial actions. After the source is better 

defined, source removal is recommended. A limited pump and treat system may be installed 

due to the large amount of free product present in a limited area. If required, after removal 

of the surrounding buildings and associated footing drain systems, a passive collection and 

treatment system may be installed to contain the dissolved phase of this plume. This system 

would be located along the post-building removal, downgradient flow path near the ifnpacted 

drainage. 

e The sources for the East Trenches plume have been removed. Accelerated actions were 

completed in 1996 to excavate Trenches T-3 and T-4, and materials above the Tier I action 

levels were removed. The distal end of this groundwater contaminant plume requires better 

definition in order to appropriately site collection and treatment systems. Gravity-flow 

passive treatment systems will be the preferred options. 

The IA plume will continue to be monitored to ensure that there is no increase in migration, 

and that there is no impact to surface water quality. 

e Groundwater treatment systems need to be investigated to determine the optimum treatment 

methodology. 
2 

The unknown extent of the chlorinated solvent plumes associated with the PU&D yard 

(IHSS 170, 174a, and 174b) is a data gap. Because the nature of the southern boundary of 

these plumes is undetermined, the potential impact to surface water cannot be evaluated. A 

limited characterization investigation is proposed for 1997 to determine the extent of the 

plume, and to determine the location, nature and size of the source material. Previous 
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investigations suggest that the contaminant source(s) may be located immediately east of the 

known PU&D yard boundary. Source removal is expected to follow in 1997 if a 

contaminant source can be defined. 

0 Soil vegetative caps, covers or regrading and revegatation may .be used throughout W E T S  

where necessary to limit natural recharge caused by precipitation from leaching of 

contaminants in the unsaturated zone and into groundwater: This would aid in reducing the 

movement of groundwater through the IA, and thereby reduce the mobility of the 

contaminant plumes. Subsurface sources of groundwater contamination would be removed 

where practical. At the end of the D&D/remediation phase, the plant water supply and 

sanitary sewer will be shut off. This will eliminate a major source of groundwater recharge 

for the IA, and should greatly reduce the mobility contaminant of the IA and carbon 

tetrachloride spill plumes. 

0 A limited investigation is proposed for the Solar Ponds area to determine the extent of VOC 

contamination and whether there is a pathway to surface water. Carbon tetrachloride and 

trichloroethene are present at a well located near the western side of the SEPs. However, the 

extent of the contamination in the sandstone, and whether the sandstone subcrops in the 

North Walnut drainage are unknown. 

Further analysis is required to determine optional intercept locations, actual treatment 

methodologies, and cost-effective project planning and scheduling. 

The ER Ranking scheduled to be completed in 1996 and the proposed ranking of groundwater 

plumes presented in Section 4.5 provide the basis for establishing the priority and sequence of 

proposed cleanup actions. However, a schedule for implementing groundwater cleanup will be 

dependent on funding, data sufficiency, resource availability, and the integration with other cleanup 

and W E T S  activities. 
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EXECUTIVE SUMMARY 

The Groundwater Conceptual Plan provides a basis for cleanup and management of contaminhed 

groundwater at the Rocky Flats Environmental Technology Site (RFETS) consistent with the Rocky 

Flats Cleanup Agreement (RFCA) Preamble, and the Action Levels and Standards Framework for 

Surface Water, Ground Water and Soils. The Groundwater Conceptual Plan describes the 

. 

rand+ef - 
management and cleanup of contaminate&ETS. This plan was originally issued in March 

1996, but has been revised to reflect the Final RFCA, and to include&&!d?dwater plume data. 

Addressing groundwater on a sitewide basis allows for effective coordination of groundwater 

activities, and provides consistency in addressing groundwater contamination. Beeawedomestic use 

of groundwater at RFETS will be prevented through institutional controls, the goal is to manage or 

cleanup groundwater to protect surface water quality for all agreed-upon uses. In addition, the 

Groundwater Conceptual Plan identifies, describes, and ranks the principal groundwater contaminant 

+"a0-7 

plumes to provide a planning basis for fundin nd implementation of groundwater actions. V L  
The lateral extent and spread of contaminants in RFETS 

conditions, therefor t e contaminant plumes are 

discharges to surface water before leaving WETS and there is a natural vertical barrier to downward 

migration of contaminated groundwater. Low-permeability claystones form a barrier at least 500- 

feet thick between contaminated g r a w a t e r  at RFETS and the LaramieEox Hills aquifer. 

by hydrogeologic 

e 

plumes in groundwater have the most poteptial \ , 
I e I 4  +L& pet'\ gy to impact surface water, and are the primary focus of the Groundwater Conceptual Plan. 

Contaminant plumes with other, inorganic, constituents mddressedkvhere  surface water is 

impacted above action levels. A two-tiered, approach for action levels was developed for 
-I(  k 3  OC @' 

groundwater and soil 

ecological resources. 

For groundwater, these were defined 

(MCL) for VOCs. T 

may impact surface water and were defined on the basis of exceedances above the MCL for 

individual constituents. 
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Six groundwater contaminant plumes have been identified where contaminant concentrations exceed . 

the Tier I action levels. These Contaminant plumes are: (1) 881 Hillside Drum Storage Area Plume, 

(2) Mound Site Plume, (3) 903 Pad and Ryan’s Pit Plume, (4) Carbon Tetrachloride Spill Plume, ( 5 )  

East Trenches Area Plume, and (6 )  Industrial Area Plume. In addition, other groundwater plumes 

do not exceed the Tier I action levels, but may have the potential to impact surface water. These 

additional plumes include the Present Landfill, Solar Ponds and Property Utilization and Disposal 

(PU&D) Yard plumes. 

Proposed cleanup actions consist of source removal or containment, with capture and treatment or 

management of the contaminated groundwater. Using available information, potential action9 were 

conceptually developed for each major groundwater contaminant plume. Based on capture and 

treatment effectiveness, installation and operating costs, and plant infrastructure requirements, 

passive captive and treatment methods were the preferred conceptual actions. Before each cleanup 

action can begin, analyses must be done to select the specific cleanup alternative, and to perform 

engineering design. Additional data may be needed to ensure the proper placement of cleanup 

systems. 

The groundwater contaminant plumes were ranked based on the methodology previously developed 

to provide the basis for establishing the priority and sequence of proposed cleanup actions. 

However, a schedule for implementing groundwater cleanup will be dependent on funding, data 

sufficiency, resource availability, and the integration with other cleanup and WETS activities. 

ES-2 
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1 .O INTRODUCTION 

The Groundwater Conceptual Plan was originally developed as a joint effort between the Department 

of Energy, Rocky Flats Field Office (DOERFFO), Kaiser-Hill Company, L.L.C. (K-H), Rocky 

Mountain Remediation Services, L.L.C. (RMRS), the Environmental Protection Agency (EPA), and 

the Colorado Department of Public Health and Environment (CDPHE). This plan incorporates the 

final Rocky Flats Cleanup Agreement (RFCA) (July 19, 1996), and guidance from the Action Levels 

and Standards Framework for Surface Water, Ground Water, and Soils Working Group (“the 

Working Group”). This Working Group was formed to: 

Provide a basis for future decision making, 

0 Define the common expectations of all parties, and 

Incorporate land- and water-use controls into site cleanup. 

The Groundwater Conceptual Plan was originally issued in March 1996, and has been revised to 

incorporate changes in RFCA, and additional information on plumes. 
2 

1.1 ROCKY FLATS CLEANUP AGREEMENT AND ACCELERATED SITE ACTION 
PROJECT (ASAP) 

The RFCA was finalized between DOERFFO, EPA, and CDPHE to ensure the effective and 

efficient cleanup of WETS. The RFCA Preamble mandates that environmental cleanup will be 

implemented through an integrated and streamlined regulatory approach. The RFCA preamble also 

defines the approximate areal extent of the five future conceptual land uses: (1 )  capped areas 

underlain by waste disposal cells or contaminated materials closed in-place, (2) an industrial-use 

area, (3) restricted open space, (4 restricte pen space ecause of low levels of 6 
contamination in surface soils, and (5) unrestricted open space. 

The RFCA Preamble states that the goal of soil and groundwater management and cleanup is the 

protection of surface, water quality for the designated uses. Proposed actions will be designed to 

2 
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protect ecological resources6protect the appropriate industrial or open space uses. Groundwater 

will not be used for any purposes at RFETS, except as related to cleanup activities. 

@ &e\@ k& 
ASAP was developed a s h  strategy to reduce risks and close RFETS. The strategy is being used to 

develop a comprehensive action pl 

that, after cleanup, surface water and groundwater leaving the site will be acceptable for any use. 

i plement the objectives of the RFCA Preamble and to ensure @ 
- 

7 

This Groundwater Conceptual Plan was developed using th 

and the Action Levels and Standards Framework for the Surface Water, Ground Water, and Soils. It 

describes the management and cleanup of contaminated groundwater to protect surface 

CA Preamble objectives 

water and ecological resources. -CQ?te&U-& q f f  f l O Q d ' ~  +O 

1.2 PURPOSE OF THE GROUNDWATER CONCEPTUAL PLAN AT RFETS 
I 

Groundwater at RFETS is present in the shallow, unconsolidated sediments and subcropping bedrock 

throughout the site. In the past, each Operable Unit (OU) investigated groundwater within its 

boundaries without addressing influences from upgradient sources. However, groundwater is not 

limited by OU or Individual Hazardous Substance Site (IHSS) boundaries. Several sources may 

contribute to a single groundwater plume, and groundwater plumes may cross several OUs and 

contribute to surface water contamination a great distance from the source location. Figure 1-1 

shows the location of the principal areas discussed in the text. 

The Groundwater Conceptual Plan addresses groundwater on a sitewide basis, in order to allow 

effective coordination of groundwater activities, and establishes a consistent approach to addressing 

groundwater contamination. While remediation of groundwater contaminant plumes must consider 

both the source and the associated groundwater plume, groundwater plume remediation can be 

performed independently of source remediation. Because there is no exposure pathway to humans 

from contaminated grdundwater, the programmatic goals are to protect surface water and the ' 
environment, and limit potential contaminant migration (to the 
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The three specific goals of the Groundwater Conceptual Plan are to: 

1) Identify and describe the principal contaminant plumes in groundwater; 

2) Rank the contaminant plumes for the purpose of establishing the priority for cleanup actions, 

in accordance with the method outlined in the “Environmental Restoration Ranking” (RMRS 

1995); and 

3) Provide an initial planning basis for funding an 

To meet these goals, the Groundwater Conceptual Plan proposes cleanup and/or management of 

contaminated groundwater through source removal, source control, and/or treatment of dissolved- 

phase plumes. Contaminated seeps are also addressed, as these represent the distal ends of the 

contaminated groundwater plumes. The Groundwater Conceptual Plan also recommends evaluating 

whether some areas of contaminated groundwater may remain in place, given that the programmatic 

goals can be met without active intervention. 

1.3 DOCUMENT ORGANIZATION 

The conceptual plan for groundwater restoration is presented in five sections: (1) Section 1 .O 
provides an introduction, describes the goals and purpose of the groundwater strategy, and presents 

the organization of the report; (2) Section 2.0 provides a summary background on groundwater at 

RFETS; (3) Section 3.0 presents the action levels and standards developed by the Working Gwup 

and describes the groundwater monitoring requirements; (4) Section 4.0 describes the various 

groundwater contaminant plumes present at WETS and provides an overview of the proposed 

cleanup actions that may be used; and (5) Section 5.0 summarizes the proposed next steps. 

This document also contains three appendices: (1) Appendix A is a list of acronyms used in this text, 

(2) Appendix B contains Attachment 5 to RFCA, the Action Levels and Standards Framework for 

Surface Water, Ground Water, and Soils, and ( 3 )  Appendix C contains the executive summary of the 

White Paper - Analysis of Vertical Contaminant Migration Potential - Final Report, RFER-96- 

0040.UN, report prepared for Kaiser-Hill Company, August 16, 1996 

September 1996 
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Insert Figure 1 - 1 here 
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A basic understanding of the hydrogeologic setting is important for evaluating the nature and 

distribution of contaminated groundwater at RFETS. The current reference documents for 

describing the sitewide geologic, hydrogeologic and groundwater geochemical data at RFETS are the 

“Geologic Characterization Report for the Rocky Flats Environmental Technology Site” (EG&G 

1995a), the “Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology ‘ 

Site” (EG&G 1995b), and the “Groundwater Geochemistry Report” (EG&G 1995~). Much of the 

following discussion was derived from these reports. Unpublished plume maps from the 1995 Well 

Evaluation Project were modified to generate the plume configuration maps in this report. 

/f 0- dl5L6/1/leL-C: &, l e -  

Figure 2- 1 illustrates of RFETS. Conceptually, the shallow g r x k z e r  at i’ 
WETS flows through two separate 

These units are generally referred 

hydrostratigraphic unit (LHSU). 

aquifer known as the 

water supply in the 

known as hydrostratigraphic units. These 

units are defined based on observed and geochemical for each flow system. 

unit (UHSU), and the IoGer 

deep regional artesian 

extensively as a 

described in the 

Environmental Technology Site (EG&G 1995b). Cs;?;l d2 A - Lgn u c p d d  
C f O 5 j  s&&iL +L 1b.A 

h p  % p p p -  The UHSU is the predominant water-bearing unit of concern at RFETS and i considere to e 4yI 

GJe equivalent to the “uppermost aquifer” as defined by the Resource Conservation and Recovery Act ~~~~ 

(RCRA). It consists of unconsolidated, sandy and gravely materials mixed with clay tie., alluvium, 

colluvium, and artificial fill), as well as weathered bedrock claystones and sandstones which are 

hydraulically connected to the alluvium. The LHSU consists of unweathered claystone with some 

interbedded siltstones and sandstones. There is a significant difference in the ability of each unit to 

transmit groundwater. For example, the geometric mean hydraulic conductivity value of 2 x lo4 

centimeters per second (cmhec) for the Rocky Flats Alluvium (UHSU) is about three orders of 

magnitude greater than that for unweathered LHSU Laramie claystones (geometric mean of 3 x lo-’ 

cmhec). The hydraulic conductivities of LHSU materials are similar to that required for a landfill 

liner (EG&G 1995b). Wells completed in the UHSU and LHSU generally have poor water-yielding 
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Insert figure 2- 1 
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characteristics that prevent their development as viable water sources for residential use, although a 

few isolated UHSU well locations (i.e., bedrock sandstones in OU 2 (EG&G 1992) and valley-fill 

alluvium in Walnut Creek near Indiana Street (EG&G 1995d) have sustainable well yields that could 

support limited household use. 

, 

The spread of individual groundwater contaminant plumes at WETS is limited by natural 

hydrogeologic conditions, including: the magnitude and distribution of hydraulic conductivities and 

hydraulic gradients; limited aquifer extent and interception of plume fronts by hydrologic boundaries 

(i.e., interception of groundwater contaminant plumes by drainages); and other physical controls, 

such as bedrock topography and the presence of discontinuously saturated areas, that constrain and 

moderate groundwater and contaminant movement. 

Groundwater is estimated to flow slowly at WETS. For example, using Darcy's Law, the velocity 

of groundwater moving laterally through the Rocky Flats Alluvium in the East Trenches Area is 

estimated to be about 50 feet per year (assuming a hydraulic conductivity of 217.3 ft/yr, effective 

porosity of 0.1, and hydraulic gradient of 0.0213 Wft). 

Because natural processes such as sorption and geochemical transformation reactions tend to 

attenuate the movement of organic contaminant plumes in groundwater, the velocity of contahinant 

movement is expected to be retarded relative to the groundwater flow velocity. Contaminants in the 

East Trenches Plume -expected to migrate at rates ranging from about 2.5 and 25 feet 

per year, based on a reasonable range of retardation factors and neglecting the effects of dispersion 

and diffusion. Other processes may further attenuate contaminant movement, such as diffusion of 

aqueous contaminants into clayey matrix materials. Therefore, in some cases, plume front 

movement appears to be imperceptibly slow. The apparent slow migration rate of some contaminant 

plumes at WETS, although not fully understood, provides a k g k r  level of confidence that 

temporary deferment of remedial actions at these plumes will not result in undue risks to the 

environment. 

cvce 

Groundwater in the surficial deposits of the UHSU generally flows to the east following bedrock and 

surface topography, and ultimately discharges to one of three stream drainages which are the main 

water pathways offsite. These drainages include Walnut and Woman Creeks, which receive 

September 1996 2-3 



W/ER-95-0121. Uh' 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

d \s groundwater flow from the IA, and Rock Creek, which receives groundwater flow from areas' > essentially unimpacted by WETS activities. Surface water flow from the IA is controlled by a series 
5 

of impoundments in the Walnut and Woman Creek drainages. These impoundments also intercept 

pgroundwater  flow associated with the valley-fill alluvium and promote intermingling of surface 

water with groundwater prior to release offsite. As a result, here is no known direct hydraulic 

connection between impacted groundwater at RFETS and offsite domestic wells. 

3 

d 
3 In partially saturated areas, alluvial UHSU groundwater has been shown to preferentially flow along 
\ 

predepositional channels cut into the underlying bedrock surface (see Figure 2-2). These channels 

are known to occur in the IA, Solar Ponds, 88 1 Hillside, 903 Pad, and East Trenches Areas. 

Groundwater flow is often concentrated within these channels, and hillside contact seeps result 

where these channels are cut by erosional surfaces. These channels restrict plume spreading and 

movement. Other hydrogeologic controls for groundwater flow and contaminant transport are 

6 

s 
5 

3' ' hydraulic gradient, distribution of subcropping sandstones and claystones, and topography. I: the 

TA, features such as interceptor drain systems, buried utility lines, and building foundation drains 
r 
$ control groundwater flow. 

? 
f The lithologic and hydraulic characteristics of the LHSU cause it to act as a regional confining layer 

for the underlying Laramie-Fox Hills aquifer. The LHSU is a natural barrier to vertical groundwater 

isolates impacted UHSU groundwater from deeper 

strata and the Laramie-Fox Hills aquifer (RMRS 1996a). At the IA the LHSU is estimated to 

measure at least 600 feet in thickness as shown in Figure 2-1 (modified from EG&G 1995a). By 

comparison, the average RCRA landfill is lined with only a few feet of similar material. These 

stratigraphic relationships, combined with an observed downward vertical hydraulic gradient, result 

in a LHSU groundwater flow regime that is predominantly vertically downward rather than 

horizontal. The available data from groundwater monitoring in the LHSU indicates that it is 

uncontaminated4 

The available hydrogeologic and geochemical data suggest th t fractures and faults are not 

significant conduits for downward vertical groundwater flow 

Evidence of limited shallow hydraulic communication between UHSU and LHSU groundwater was 

(RMRS l996a): 
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found to exist in some wells, but these occurrences do not present a pattern consistent with known 

fault locations. Due to the thickness, lithology, and observed trend of decreasing hydraulic 

conductivity values with depth for the LHSU, it has been 

hydrologic integrity to provide long term protection of 

groundwater contamination (RMRS 1996). The 

Vertical Contaminant Migration Potential - 
Appendix C and summarizes the 

the LHSU has sufficient 

Hills aquifer from shallow 

is presented in 

White Paper - Analysis of 
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.3.0 ACTION LEVELS AND STANDARDS 

The RFCA Preamble was used as the basis for development of the action levels and standards 

framework for surface water, ground water, and soils. Protection of surface water quality is the 

primary basis for the cleanup and/or management of contaminated subsurface soil and groundwater 

at WETS. Surface water, groundwater, and soil cleanup are interrelated, and all three media yere 

considered in developing a sitewide strategy for WETS. 

The Action Levels and Standards Framework for Surface Water, Ground Water, and Soils 

(Attachment 5 of RFCA, July 19, 1996) was recently modified to incorporate the clarifications and 

resolutions of issues that were reached after RFCA was signed. The proposed changes are expected 

to be completed by October 18, 1996. Appendix B contains these proposed action levels and 

standards. The following sections summarize the approaches delineated in this document for 

monitoring and remediating surface water, groundwater, and subsurface soils for the purpose of 

protecting surface water quality and ecological resources. 

3.1 SURFACE WATER 

Groundwater will be managed to protect surface water quality. During active remediation, surface 

water quality standards and surface water management activities will be different than those applied 

after remediation. The water quality standards will apply at points-of-compliance located at the 

outfalls of the terminal ponds and at the Site boundary. These values will also be used as action 

levels upstream. from the terminal ponds at existing gauging stations. When cleanup activities are 

n-site surface water will meet surface water quality standards. completet& 
3.2 GROUNDWATER 

As stated in the RFCA Preamble, domestic use of groundwater at WETS will be prevented through 

institutional controls. Because no other human exposure to groundwater is foreseen, groundwater 

action levels are not based on human consumption or direct contact. Instead, action levels for 

groundwater have been selected to be protective of surface water quality and ecological resources. 
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This framework for groundwater action levels is based on the assumption that contaminated ~ 

groundwater emerges as surface water before leaving RFETS. 

3.2.1 Action Levels 

The Working Group has defined the action Iev@or groundwater Volatile Organic Compounds 

(VOCs) only, based on Maximum Contaminant Levels (MCLs) established under the Safe Drinking 

Water Act (see Appendix B). MCLs are well-established and accepted values that have been used to 

guide cleanup at other contaminated sites. Where an MCL for a particular VOC contaminant is 

lacking, the residential, ingestion-based Programmatic Risk-Based Preliminary Remediation Goal 

(PPRG)' value will apply. A two-tiered action level approach to groundwater cleanup and 

monitoring was developed to protect surface water and identify areas of groundwater contamination 

potentially requiring cleanup. Tier I action levels consist of near-source action 

cleanups, and Tier I1 action levels are protective of surface water quality. This 

below. =?b- 
Tier I 

Groundwater Tier I action levels are based on 100 times the MCL (100 x MCL) and were developed 

to identify potential cleanup targets. Contaminant concentrations in groundwater above the Tier I 

action levels indicate the presence of groundwater contaminant sources which may pose a risk to 

surface water quality. If Tier I action levels are exceeded, an evaluation is required to determine if 

source removal, or other cleanup or management action is necessary to prevent highly contaminated 

groundwater (Le., contaminant concentrations exceeding 100 x MCLs) from reaching surface water. 

(The evaluation process is described in Section 4.1). This report represents the first phase of this 

evaluation. 

Where action is necessary, the type and location of the action will be delineated and implemented as 

an accelerated action. Additional contaminated groundwater that does not exceed the Tier I action 

levels may also need to be remediated or managed to protect surface water quality or ecological 

PPRGs were developed and approved by DOE, EPA, CDPHE, and EG&G to establish sitewide cleanup 
targets for environmental contamination. Reference needed 
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0609 1 
23096 
10194 
1986 
1386 

resources. The plume areas to be remediated and the cleanup levels .or management methods used, 

will be determined on a case-by-case basis. 

1786 
10692 
4087 
B206989 

Tier I1 

f ek" 
The Tier I1 VOC action lev Is for surface water quality protection were developed to prevent 

contaminated groundwater i' from reaching surface water. When Tier I1 action levels are exceeded at 

the designated Tier I1 wells, groundwater management actions are triggered. Tier I1 wells are located 

downgradient of existing plumes to detect the possible spread of the contaminant plumes. If 

concentrations in a Tier I1 well exceed MCLs during a regular sampling event, monthly sampling of 

that well will be required. Three consecutive monthly samples showing contaminant concentrations 

greater than Tier I1 action levels will trigger a groundwater action. These actions will be determined 

on a case-by-case basis and will be designed to treat, contain, manage, or mitigate the contaminant 

plume. Such actions will be incorporated into the Environmental Restoration Ranking and will be 

given weight according to measured or modeled impacts to surface water. 

The Tier I1 action levels will be applied only at certain wells as described in Section 3.2 of Appendix 

B. Table 3-1 presents the list of groundwater monitoring wells designated as Tier 11 monitoring 

locations. These wells are located at or near the boundaries of the composite VOC plumes shown in 

Figure 3-1, as described in Secti 

necessary. The results of groundwater sampling and analysis at these wells will be integrated with 

concurrent surface water data for the purpose of evaluating potential impacts to surface water. 

4.2. Additional Tier I1 monitoring wells may be installed, if 0 

Table 3-1 
< 

Tier II Groundwater Monitoring Wells 
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Groundwater Monitoring 

All long-term monitoring requirements for WETS, along with the Tier I1 wells identified in this 

Report, will soon be incorporated into an Integrated Monitoring Plan (IMP). The document will 
LoodJf le  O " s J ~ ~ / V  / d e  

pre-existing plans: (1) the Groundwater Protection and Monitoring Program Plan 

(GPMPP) (DOE 1993); and (2) the Groundwater Assessment Plan (GWAP) (DOE 1992a). The 

document also will describe recent changes to the groundwater monitoring network. 

The IMP will list the wells with their appropriate data quality objectives, the sampling frequency, 

and analyte suite, as well as describe data evaluation and reporting methodologies. The IMP will 

also reference other implementation plans and decision documents from which the requirements are 

derived, and will be updated regularly as programmatic changes occur. 

2 

Analyte suites, sampling frequency, and specific monitoring locations will be evaluated annually to 

adjust to changing conditions such as plume migration and increased understanding of contaminant 

distributions. The present groundwater monitoring network will continue to operate as recently 

modified by the Groundwater Monitoring Working Group, until changes proposed in the IMP are 

agreed to by all parties. All groundwater monitoring data, as well as changes in hydrogeologic 

conditions and any exceedance of groundwater action levels, will be reported quarterly and 

summarized annually. 

All groundwater remedies, as well as some soil remedies, will require groundwater performance 

monitoring. The amount, frequency, and location of any performance monitoring will be based on 

the type of remedy implemented and will be determined on a case-by-case basis.- 

Action levels for VOCs in subsurface soils were developed to be protective of surface water quality 

through groundwater transport of leached contaminants. As there are too many variables to 

accurately model transport of inorganics (e.g., metals and radionuclides) in subsurface soils at 

WETS, the Tier I action levels are the same as Tier I action levels for the corresponding 
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contaminants in surface soil. These action levels are human-health risk-based for the appropriate 

receptor (office work or open-space recreational user), L 
. .  

Action levels for VOCs in subsurface soils were calculated using a soil/water partitioning equation 

and a calculated dilution factor (EPA 1994). The partitioning equation used chemical-specific 

parameters and site-specific subsurface media characteristics to %kwiwue th&qui I ibriurn 

partitioning of a given contaminant between the soil and groundwater. The dilution factor accounts 

for dilution up to the edge'of the source location. Subsurface soil contaminant levels that would be 

protective of groundwater to Tier I action levels of 100 x MCLs were then calculated. These action 

levels for subsurface soils and are provided in Table 4 of Appendix B. 

CUkA e w d d  

. 

Tier I action 7 Tier I action levels for radionuclides in subsurface soils are the same as 

levels for radionuclides in surface so 5 ith the total dose from multiple radionucl des calculated by 

the sum-of-ratios method. These action levels are the more conservative of:' 

0 

0 

Q 
An annual radiation dose limit of 15 mrem for the appropriate land use receptor, or 

An annual radiation dose limit of 85 mrem for a hypothetical future resident assuming failure of 

passive control measures. 

Additional subsurface soil may need to be remediated or managed to protect surface water quality or 

ecological resources. These additional sites will be determined on a case-by-case basis. < 
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4.0 GROUNDWATER CONTAMINANT PLUMES AND REMEDIATION 

4.1 I DEN TI FIC AT10 N 

The VOC contaminated groundwater plumes at WETS have the most potential to impact surface 

water or to migrate offsite as the mobility of VOCs in groundwater far exceeds the mobility of 

metals and radionuclides. These plumes were defined on the basis of the exceedances of the Tier I1 

action levels and are shown on Figure 3- 1. Tier I action levels were compared against all 

groundwater data to locate areas of highly contaminated groundwater. These areas were plotted and 

are shown on Figure 4- 1 along with proposed locations of the conceptual groundwater actions. 

The probable sources of the VOC contaminated groydwater plumes were identified using the 

available data and process knowledge. The flow diagram (see figure 4-2) describes the method used 

to locate the contaminant plumes and corresponding sources, and to determine which areas should be 

targeted for remedial action. 

There are six groundwater contaminant plumes identified where contaminant concentrations exceed 

Tier I action levels. In addition, there are several plumes and areas of interest where contaminant 

concentrations do not exceed Tier I action levels, or are of very limited extent, but that are of interest 

due their potential to impact surface water above RFCA action levels, or due to their contaminant 

concentrations. The groundwater contaminant plumes with VOC concentrations exceeding Tier I 

action levels are: ( 1 )  881 Hillside Drum Storage Area Plume, (2) Mound Plume, (3) 903 Pad and 

Ryan’s Pit Plume, (4) Carbon Tetrachloride Spill Plume, (5) East Trenches Area Plume, and (6) IA 

Plume. Additional plumes discussed that do not exceed the Tier I action levels, but may have the 

potential to impact surface water, include those at the Present Landfill, Solar Ponds, and the Property 

Utilization and Disposal (PU&D) Yard. 

L 

The 903 Pad and Ryan’s Pit Plume, the Mound Plume, and the East Trenches Plume are part of a 

large composite plume on the east side of RFETS. Even though these contaminant plumes overlap, 

differing sources and flow paths make it effective to treat these parts of the large plume individually. 
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4.2 DESCRIPTIONS OF CONTAMINATED GROUNDWATER PLUMES 

The extent of contaminated groundwater plumes in WETS groundwater 

Section 2.0). The contaminated groundwater plumes are described 

derived from the relevant W I N  reports, data summaries, and the Hydrogeologic Characterization 

Report (EG&G 1995 b). 

4.2.1 

The 881 Hillside Drum Storage Area (IHSS 119.1) was in use from 1968 to December 1971. 

Primarily empty drums and scrap metal were stored at this location. Some of the drums had 

881 Hillside Drum Storage Area Plume 

previously contained solvents and other organic chemicals. Other drums may have conta' ed - r '  
JflACR-t$l( b.3 fLc &+ 

solvents or other organic chemicals contaminated with plutonium aithe hotspots removed in 1994 c c 
from this location had elevated plutonium levels. 

The OU 1 881 Hillside is located on a south facing hillside that slopes downward from Building 881 

to Woman Creek (Figure 4.2.1-1). The 881 Hillside is crossed by the South Interceptor Ditch (SID) 

which was designed to intercept surface water flow from the plant. In 1992, a French Drain was 

installed across the 881 Hillside to intercept contaminated UHSU groundwater suspected to be 

flowing down the 88 1 Hillside. A 3-ft-diameter recovery well was installed in an area of known 

contaminated groundwater to recover water containing high levels of dissolved VOCs. 

L 881 g, I lshJ 
groundwater occurs in the unconsolidated surficial materials. The surficial materials add 

underlying 5 to 25 feet of weathered claystone are 100 to 10,000 times more permeable than the 

underlying unweathered claystone. This significantly limits the flux of groundwater into and through 

the unweathered claystone (DOE 1994a, DOE 1995a). 

A+ $. 

Groundwater at the 881 Hillside does not exist within a continuous, homogenous, shallow aquifer 

system. The UHSU has a highly variable lithology and is not uniformly saturated across the Hillside. 

Large areas are dry, or contain water only in the Spring when water table elevations are typically the 

highest. Groundwater is typically found in disconnected northwest-southeast trending paleochannels 

cut into the bedrock surface where there is a thicker section of colluvium andor alluvium. Dry areas 

appear to be coincident with bedrock highs and other areas with thinner sections of colluvium andor 
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alluvium. The bedrock topography and surficial deposit thickness can be used to extrapolate where 

groundwater flow may occur (DOE 1994a). 

Recharge to the UHSU is primarily through precipitktion, with minor seepage from the Rocky Flats 

Alluvium. Discharge is primarily from evapotranspiration due to the dry climate and slow 

percolation rates, and is enhanced by the south facing slope of the Hillside. Discharge also occurs to 

the French Drain, the recovery well, and to surface water. Several small seeps are found along 

Woman Creek and along slump boundaries where UHSU groundwater intersects the surface. 

Aquifer tests estimate the average flow velocity at 70 feet per year near the 881 Hillside Drum 

Storage Area. Hydraulic conductivities of the surficial materials range from 3 x 10” to 2 x 

cm/sec. The transmissivity of the UHSU was calculated as 1.2 x 10- m sec, approximately 100 

times less than what Driscoll (1989) considered sufficient to supply water for domestic or other low 

yield purposes. The volume of UHSU groundwater within the entire OU 1 881 Hillside Area was 

estimated,at 5 acre-feet in April 1992. (c j tAd; . - )  

Groundwater data collected since the installation of the French Drain suggests that x)” ’s successful in 

collecting much of the UHSU groundwater. For example, the UHSU monitoring wells downgradient 

of the French Drain are generally dry, suggesting that the area has been dewatered (DOE 1994a). 

fl 
@*’- 

The 881 Hillside drum storage area (IHSS 119.1) is the site of historic releases of chlorinated VOCs 

to the environment from drums stored at this location (Figure 4.2.1-1). These releases have resulted 

in the contamination of shallow alluvial groundwater which has formed a small contaminant plume 

extending about 300 feet to the south-southeast down the 881 Hillside along a paleochannel incised 

into the underlying weathered claystone. Unconsolidated sediments on both sides of this plume are 

unsaturated. 
t 

The source of the groundwater contamination was further characterized during the 1996 field 

program to obtain sufficient data to plan a source removal. The field investigation identified two 

potential source areas: one immediately east of the collection well and one 50 feet northwest of the 

collection well (Figure 4.2.1-1). The eastern source area underlies one of the radiological hot spots 
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removed in 1994. Both source areas could have been caused by leakage from individual drums 

(IUvlRS 1996b). 

The contaminants in the plume which exceed Tier I concentrations are primarily carbon 

tetrachloride, 1 , 1 dichloroethene, tetrachloroethene, 1 , 1 , 1 -trichloroethane and trichloroethene. 

Figure 4.2.1- 1 provides the distribution of contaminant concentrations in groundwater at this 

location. A small seep located south of IHSS 119.1 and downgradient of the French Drain along 

Woman Creek was sampled once and this sample contained a trace amount of VOCs. It is not clear 

if the VOC concentrations in the seep water are related to the contaminant plume. 
< 

The contaminated groundwater plume is upgradient of the French Drain and does not appear to be 

increasing in size. The recovery well is located within this plume and collects approximately 100 to 

150 gallons per day. This well appears to collect most of the contaminated groundwater originating 

from the contaminated groundwater plume. The French Drain remains in operation and continues to 

collect relatively uncontaminated groundwater which is treated at the Building 891 Consolidated 

Water Treatment Facility. The area immediately downgradient of the French Drain is unsaturated, 

indicating that the French Drain has dewatered much of the area. 

The preferred remedy for this plume is source removal which was mandated by the 1995 dispute 

resolution committee composed of DOE RFFO, EPA and CDPHE. A Record of Decision (ROD) is 

currently in progress which will establish a remedial action based on the Public Comments to the 

recommended alternative of source excavation presented in the Proposed Plan (DOE 1996a). 

4.2.2 Mound Site Plume 

The Mound Site was used for as a disposal site for approximately 1,405 drums from April 1954 to 

September 1958. Drums contained depleted uranium, beryllium, lathe coolant (about 70% hydraulic 

oil and 30% carbon tetrachloride) and tetrachloroethene. Plutonium contaminated waste was also 

stored at this location, but plutonium levels were below detection limits. After it was noted that 

some of the drums were leaking, the drums were removed along with visibly stained soil. In 

addition, radioactive soils were removed at later dates. 
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The OU2 Phase I1 RFI/ estigation identified acetone, methylene chloride, tetrachloroethene, 

trichloroethene and ci 

results indicate 

in the subsurface soils (DOE 1995b). Characterization 

tetrachloroethene and trichloroethene to a depth of 20 
< 

feet and decreasing concentrations below that depth. The recent Mound investigatio delineated the 7 

The Mound Site is located at the northern edge of the pediment where up to 12 feet of Rocky Flats 

Alluvium overlies fractured claystone of the Arapahoe Formation. The topography slopes steeply to 

the north away from the Mound Site towards the incised drainage of South Walnut Creek. The 

Arapahoe No. 1 Sandstone subcrops under the alluvium at the northwest corner of the Mound Site. 

This sandstone is truncated by the South Walnut Creek drainage and subcrops beneath the colluvium 

between the Mound Site and South Walnut Creek. 

In the vicinity of the Mound Site,.the Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses.# 

The hill slope below the contact between the Rocky Flats Alluvium and the underlying Arapaboe 

Formation is covered with unconsolidated colluvium primarily composed of clay, or silty and/or 

L numerous 
c 

sandy clay. Caliche is common in both alluvium and colluvium. 
dm f L d s r s C *  slump feature# pk"" 

Depth to groundwater is approximately 12 feet at the Mound Site (within the weathered bedrock), 

and unconsolidated materials are generally dry much of the year. Saturated alluvium occurs in 

bedrock lows and paleoscours in the top of the bedrock. The groundwater flow appears to be 

primarily along the bedrock surface and is probably controlled by small channels incised into the 

bedrock surface. Groundwater flows to the north through the No. 1 Sa 

beneath the colluvium, indicated by a line of seeps along the slope to 

The geometric mean for the Rocky Flats Alluvium hydraulic conduc 

geometric mean for the Araphoe No. 1 Sandstone hydraulic conduct 

geometric mean for unweathered bedrock is 8 x lo-* cmhec. Infiltr 

groundwater into the underlying unweathered claystone is limited ( 
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Recharge occurs primarily through local infiltration of precipitation. The Central Avenue Ditch runs 

along the southern boundary of the Mound Site and probably also recharges the UHSU groundwater 

in this area. Discharge from the UHSU is mostly through seeps located where the water bearing 

units are truncated by the South Walnut Creek, and through evapotranspiration. 

The groundwater contaminant plume is poorly defined, but it is suspected to extend northward from 

the former location of the Mound Site (Figure 4-1), to a point of discharge along the south bank of 

South Walnut Creek, upstream of the WETS Sewage Treatment Plant. Depending on the season, 

there may be many unsaturated areas within the plume. Dense nonaqueous phase liquids (DNAPLs) 

in the Mound Site area are suspected to be the source of the groundwater contamination. Trench T-1 

could possibly contribute to this plume; however, dry wells between the Trench T-1 and the Mound 

Site indicate that the Mound Site is the primary source of the contaminated groundwater plume. The 

groundwater plume at the Mound Site apparently receives only minor contribution from VOC' 

contamination at the 903 Pad. Wells in both the No. 1 Sandstone and alluvium upgradient of the 

Mound Site contain 0 to 2 ug/l total VOCs (DOE 1995b) (Figure 4.2.2-1). There is an east-west 

bedrock high located between the 903 Pad and Mound Site, near the south side of the Mound Site 

(Figure 4.2.2-2). VOC contaminated groundwater from the 903 Pad generally flows to the south of 

the Mound Site, on the south side of this bedrock high. 

Thirty-five VOCs were detected in the contaminated groundwater at the Mound Site. All except 

tetrachloroethene, trichloroethene, cis- 1,2-dichloroethene and vinyl chloride were below 100 ug/l. 

Tetrachloroethene was the predominant contaminant with the highest concentration of 13,000 ug/l 

found at the Mound Site. The maximum concentrations of cis-1,2-dichloroethene (214 ug/l) and 

trichloroethene (4 10 ugh) were detected with the maximum tetrachloroethene value. Concentrations 

of these chemicals decrease towards South Walnut Creek. The maximum vinyl chloride 

concentration detected was 860 ug/l in a well along the South Walnut Creek drainage. The well is 

located over 500 feet from the source area; which indicates that this is a degradation product, not a 

primary constituent (DOE 1995b). 

I 

The contaminant plume is discharging through surface and subsurface seeps along the hillside, and 

along seeps on the south bank of South Walnut Creek. At seep SW059, groundwater containing low 
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trace amounts of radionuclides discharges at a rate of 0.5 gallons per minute, or 

and treated at the Building 891 Combined Water Treatment Facility. 

4.2.3 The 903 Pad and Ryan's Pit Plume 

This contaminant plume has two closely spaced sources: (1) VOCs associated with drums formerly 

stored at the 903 Storage Area, where the contents of the drums leaked into the subsurface and 

groundwater, and (2) Ryan's Pit where VOCs were disposed of in a trench (Figure 4-1). The 903 Pad 

was characterized as part of the OU 2 Phase I1 Resource Conservation and Recovery Act (RCRA) 

Facility Investigation/ Remedial Investigation (DOE 1995b) and the following information was 

derived from that report. 

The 903 Pad area was used to store drums that contained radioactively contaminated oils and Volatile 

organic compounds (VOCs) from the summer of 1958 to January 1967. Approximately three fourths 

of the drums contained plutonium-contaminated liquids while most of the remaining drums 

contained uranium-contaminated liquids. Of the drums containing plutonium, the liquid was 

primarily lathe coolant and carbon tetrachloride in varying proportions. Also stored in the drums 

were hydraulic oils, vacuum pump oils, trichloroethene, tetrachloroethene, silicone oils, and acetone 

still bottoms. 

Leaking drums were noted in 1964 during routine handling operations. The contents of the leaking 

drums were transferred to new drums, and the area was fenced to restrict access. When cleanup 

operations began in 1967, a total of 5,237 drums were at the drum storage site. Approximately 420 

drums leaked to some degree. Of these, an estimated 50 drums leaked their entire contents. The 

total amount of leaked material was estimated at around 5,000 gallons of contaminated liquid 

containing approximately 86 grams of plutonium. From 1968 through 1969, some of the 

radiologically contaminated material was removed, the surrounding area was regraded, and much of 

the area was covered by clean road base and an asphalt cap. 

I 

Ryan's Pit, previously referred to as Trench T-2, is located approximately 150 feet south of the 903 

Pad (Figure 4.2.2-1). The dimensions of the pit are approximately 20 feet long, 10 feet wide, and 

five feet deep. The Pit was used as a waste disposal site from 1969 and 1971 for nonradioactive 
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liquid chemical disposal. VOCs disposed at this location included tetrachloroethene, trichloroethene, 

and carbon tetrachloride. In addition to VOC disposal, paint thinner and small quantities of 

construction-related chemicals may also have been placed in Ryan's Pit. According to historical 

data, only the liquids themselves were put in the pit; their containers were either reused or disposed 

of in other areas. 

Materials placed in the Pit were supposedly screened for radionuclide activity prior to disposal. 

However, field investigations conducted in 1987 through 1993 do not substantiate this claim. 'The 

contaminated soils were removed from this site and treated during the 1995 removal action at Ryan's 

Pit. Free phase tetrachloroethene and motor fuel constituents were found during this removal action. 

Free phase DNAPLs are also suspected to exist underneath the 903 Pad as high concentrations of 

VOCs are present in the groundwater (greater than 1% of the chemical's solubility). 

The 903 Pad is located on the flat surface at the southern edge of the pediment. A south facing 

hillside slopes downward from the 903 Pad to the SID and Woman Creek. Ryan's Pit is located on 

the hillside about 200 feet from the southern edge of the 903 Pad. In the 903 Pad area, the Rocky 

Flats Alluvium is 10 feet thick at the northwest corner of the Pad which is near a bedrock high, and 

25 feet thick at the southeast corner which is within a bedrock channel. The 903 Pad is paved with 

asphalt, and tlwetsa ' rtificial filfpresent under the 903 Pad and.etFera large area to the south and 

east of the Pad. < 
I =  c o d e d  

~ /) e w "  - 
The Rocky Flats Alluvium is truncated by erosion and does not extend to the Ryan's Pit area. The 

Ryan's Pit area surficial deposits consist of reworked Rocky Flats Alluvium that has been transported 

down slope, along with other clay-rich colluvium deposits and fill material. Surficial deposits 

consist of colluvium between one and eight feet thick which is primarily clay, and silty or sandy 

clay. Caliche is common in both the alluvium and colluvium. Groundwater at Ryan's Pitais between 
4"- 

3 to 10 feet below ground surface. On the slope, there are numerous slump features large 
'15 

scarp facejiocated between the 903 Pad and Ryan's Pit. 

Bedrock in the 903 Pad and Ryan's Pit area is primarily composed of weathered claystone of the 

Arapahoe and Laramie Formations. In addition, the Arapahoe No. 1 Sandstone subcrops under the 
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alluvium at the extreme northwest corner of the 903 Pad. This sandstone is continuous with the 

Arapahoe No. 1 Sandstone at the Mound Site, where it is truncated by the South Walnut Creek 

drainage. The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

cm/sec. The geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x 1 0-4 

cm/sec. The geometric mean for unweathered bedrock is 8 x 

underlying unweathered claystone is limited. 

0 
cm/sec. Infiltration into the 

Groundwater flow is complex and is primarily controlled by bedrock surface features, interactions 

between geologic units, and variations i n  saturated thicknesses. Groundwater flow paths in alluvial 

materials in the 903 Pad and Ryan’s Pit area are relatively well-defined by contact seeps with the 

underlying bedrock materials and by numerous wells. However, groundwater flow through the 

hillside colluvium and bedrock is poorly understood. Areas of unsaturated colluvium are / 
common and prediction of local flow paths is difficult. Depending on the season, there may be many 

unsaturated areas within the plume. Discharge of contaminated groundwater has not been observed 

from the colluvium or weathered bedrock portion of this plume. 

A large bedrock low (paleoscour) extends from the 903 Pad east and passes directly south of the 

Northeast Trenches. This paleoscour is bounded by bedrock highs to the north and south. Near the 

903 Pad, there is 20 to 25 feet of relief between the paleoscour and the northern bedrock high, and 5 

to 10 feet of relief between the paleoscour and southern bedrock high (see Figure 4.2.2-1). The 

paleoscour directs groundwater flow to the east till it is truncated by the South Walnut Creek 

drainage where alluvial groundwater discharges into the head of a we@eloped 

Groundwater flow from the 903 Pad towards the SID and Woman Creek also 

overtopping of the lower, southern bedrock high, or through breaks in the bedrock high. During dry 

periods, the bedrock highs restrict alluvial groundwater flow to the south and north. During wet 

periods, when the alluvial groundwater levels are.very high, flow may overtop these barriers, 

primarily to the south. 

Groundwater flow in the colluvium follows north-south trending small paleochannels cut into the 

underlying bedrock claystone. One narrow paleochannel, approximately 150 to 300 feet wide, 

extends from the 903 Pad south through the Ryan’s Pit area (Figure 4.2.2-1). The areas surrounding 
2 
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these paleochannels is unsaturated. The southern extent of groundwater flow is not well defined due 

to lack of well control. 

Recharge is primarily from infiltration of precipitation along with some recharge from ditches and 

other surface water features. Wells located to the west of the 903 Pad are generally dry as alluvial 

groundwater inflow from the west is restricted by the claystone bedrock high just west of the 903 

Pad. Unconsolidated materials within the medial portion of the paleoscour tend to be saturated, with 

the extent of saturation greatest during the Spring. Groundwater flow occurs through the No. 1 

Sandstone until it subcrops beneath the colluvium. Discharge is primarily to seeps located where the 

water bearing units are truncated by the South Walnut Creek drainage. All UHSU groundwater is 

discharged to seeps or into the colluvium. 
2 

The 903 Pad and Ryan’s Pit Plume is defined as the lobe of contaminated groundwater that flows 

southward from these two,source areas. This plume flows southward toward the SID and Woman 

Creek drainage. The lobe of contaminated groundwater which flows eastward from the 903 Pad is 

addressed as part of the East Trenches Plume (Figure 4.2.2-1). 

Contaminated groundwater in the 903 Pad and Ryan’s Pit area is primarily confined to the alluvium 

and colluvium. Total VOC concentrations for the Arapahoe No. 1 Sandstone are approximately 

2,500 ug/l adjacent to the west edge of the 903 Pad with concentrations at other locations less than 2 

ug/l or non-detects. Fifty-seven VOCs were detected in UHSU groundwater for this plume. 

However, the primary contaminants are carbon tetrachloride, tetrachloroethene, and trichloroethene. 

The southern component of the contaminant plume derived from the 903 Pad contains total VOCs in 

the 5,000 ug/l range near the Pad, diminishing to 1,500 to 2,000 ug/l range upgradient of Ryan’s Pit. 

Downgradient of Ryan’s Pit, the total VOC concentration in groundwater ranges from 57,000 ug/l 

near the Pit to 5 ug/l near the distal end of the plume. The total VOC concentration in contaminated 

groundwater from the 903 Pad which does not also flow through the Ryan’s Pit source is also 

estimated at 5 ug/l when it nears Woman Creek drainage. 

t 

The highest concentrations of many VOC contaminants in the former OU 2 area are located within 

this plume. The highest concentration of tetrachloroethene (.150,000 ug/l) was detected immediately 

downgradient of Ryan’s Pit and occurred with 1,l-dichloroethene at 380 ug/l. A well installed 
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through the center of the 903 Pad contained concentrations of carbon tetrachloride in groundwater at 

20,000 ug/l, chloroform at 39,000 ug/l and methylene chloride at 35,000 ug/l. A well installed 

though the northeast corner of the Pad detected tetrachloroethene at 14,000 ug/l. The highest 

concentrations of VOCs in groundwater are near the 903 Pad and Ryan's Pit sources, although wells 

with VOC concentrations exceeding Tier I levels have been observed within the plume away from 

these sources (Figure 4.2.2-1). 
< ,  
2 

Contaminated groundwater containing tetrachloroethene and trichloroethene may eventually enter 

the South Interceptor Ditch and Woman Creek surface water pathways if no actions are taken to 

manage this plume. Discharge of contaminated groundwater into Woman Creek would pose a 

potential risk to the environment. Collection and treatment of contaminated groundwater from the 

903 Pad and Ryan's Pit plume will reduce the risk to the environment posed by uncontrolled releases 

to surface water. 

4.2.4 Carbon Tetrachloride Spill Plume 

The Carbon Tetrachloride Spill (IHSS 1 18.1) is located due north of Building 776 and east of 

Building 730 (Figure 4.2.4-1). While there are other IHSSs that overlap IHSS 118.1, (IHSSs 121- 

Tank 9, 121-Tank 10, 131, and 144[N]), the contamination in the area is primarily related to the 

carbon tetrachloride spills. 

2 

IHSS 1 18.1 is the site where an underground, 5,000-gallon, carbon tetrachloride steel storage tank 

and the associated piping were formerly located. The tank was installed prior to 1970, and probably 

began leaking shortly after installation. Numerous spills occurred before 1970, some between 100 to 

200 gallons (DOE 1992b). The tank ultimately failed in June 1981, releasing carbon tetrachloride 

into the containment structure. The carbon tetrachloride was pumped from the containment structure 

. to the surrounding ground surface, and the tank was removed along with a limited amount of soil 

surrounding the tank. The surrounding concrete containment structure was probably removed at this 

time also, but this has not been verified. 

The surrounding area has numerous underground and overhead utilities and structures. These 

include clay sanitary sewer lines, electrical lines, tunnels between buildings, process waste lines and 
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process waste tanks. Immediately east and partially overlapping this site is a group of four process 

waste tanks oriented east-west, tank groups T-9 and T-10. T-9 consists of two 22,500 gallon 

underground concrete storage tanks. T- 10 consists of two 4,500 gallon concrete underground tanks. 

Both sets of tanks were installed in 1955, but are used as process waste tanks. T-9 is 

currently being utilized as ly plenum deluge catch 776. No releases from either set 

has been documented (DOE 1995~). 

Due to past construction activities in this area, the material overlying the claystone bedrock is 

predominantly f i l l  material, probably derived from the Rocky Flats Alluvium, along with some 

remaining undisturbed Rocky Flats Alluvium. The Rocky Flats Alluvium consists of unconsolidated 

\ 

gravels, sands and clays with discontinuous 

hydraulic conductivity of the Rocky Flats 

The recent IA investigation found free product in the subsurface soil and groundwater related to 

IHSS 1 18.1. All four of the soil borings drilled around T-9 and T-10 intercepted free-phase carbon 

tetrachloride (DOE 1995~). When a water sample was collected at this location, the liquid separated 

into two distinct phases. Other VOCs may be present, but the high concentrations of carbon 

tetrachloride may mask their detection. The top of bedrock surface prior to construction of Building 

771 sloped to the northeast. Excavation during construction of this building altered this surface as 

the claystone surface was found 10 feet or more below where it was expected during the recent field 

investigations. Excavation may have either increased the slope of the bedrock surface, or created a 

bedrock low closed by the building. The bedrock in this area is claystone which limits vertical 

migration of the carbon tetrachloride. As carbon tetrachloride sinks to the lowest possible depth, the 

bedrock surface, building footing drains, and subsurface structures probably control the extent of the 

free-product plume and much of the dissolved phase portion of the contaminated groundwater plume. 
1 

Groundwater flow in this area is to the northeast towards Buildings 771 and 774 where there are 

known footing drains (Figure 4.2.4-2). Buildings 701 and 730 are not believed to have subsurface 

structures. Monitoring wells in the area contain carbon tetrachloride in the groundwater which 

indicates that a dissolved plume is present in the groundwater. In addition to carbon tetrachloride, 

several other VOCs are present i n  the groundwater plume; primarily 1, l-dichlorethene, chloroform 
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and acetone (Figure 4.2.4- 1). This contaminated groundwater plume may eventually reach the North 

Walnut Creek drainage, especially after removal of the surrounding buildings. 
2 

Carbon tetrachloride and trichloroethene concentrations have been detected in a downgradient well 

completed in the Arapahoe No. 1 Sandstone at the western edge of the Solar Ponds, due east of IHSS 

118.1. Carbon tetrachloride concentrations range from approximately 1,000 to 21,000 ug/l and the 

trichloroethene concentrations range from 2,000 to 8,000 ug/l. The concentrations fluctuate greatly 

over time, but there is a general decreasing trend. The carbon tetrachloride spill is believed to be the 

source of this contamination and, if true, this would indicate that there is some eastward movement 

of the dissolved phase of the plume. The decreasing trend over time may be a result of the VOCs 

originally in the vadose zone at the time of the spill, flushing out of the upper soil horizon and/or 

settling to the bedrock surface, where there is less contact with groundwater. It is also possible that 

the Solar Ponds VOC contaminantip is related to a still unidentified contaminant source. 

, 

@ -  

The Solar Ponds area ’ in hydraulic connection with subcropping Arapahoe No. 1 Sandstone which 

could act as a conduit rh for the dissolved phase carbon tetrachloride plume. The extent of the 
\ 

contamination in the sandstone is unknown, and a limited investigation is proposed to determine the 

extent of contamination and whether there is a pathway to surface water. 

4.2.5 East Trenches Plume 

A large plume of contaminated groundwater is located in the East Trenches area, primarily 

associated with the trenches on the north side of the East Access Road. These trenches are known as 

the Northeast Trenches and include Trenches T-3, T-4, T-10 and T-1 1. Upgradient wells indicate a 

component of the contaminated groundwater in this area is derived from the VOC contamination in 

the 903 Pad (see Section 4.2.3 and Figure 4.2.2-1). However, the VOC concentrations in 

groundwater increase over 100 times after the groundwater passes through Trenches T-3 (IHSS 110) 

and T-4 (IHSS 1 1 1. l),  indicating a VOC source is present. 

Trench T-3 is located approximately 300 feet north of the East Access Road and immediately west of 

Trench T-4. Trench T-3 is approximately 134 feet long, 20 feet wide and 10 feet deep (DOE 1992b). 

Trench T-4 is approximately 1 10 feet long, 15 feet wide, and 10 feet deep (RMRS 1996~). The 
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trenches were reportedly used sometime between 1954 to 1968 for disposal of sanitary sewage 

sludge, potentially contaminated with uranium and plutonium, and flattened empty drums 

contaminated with uranium. The trenches are also known to contain DNAPLs, crushed drums, and 

other miscellaneous waste. Except for the debris found in the trenches, activities of the trench 

material are below the WETS soil put-back levels. 

Trench T-3 and T-4 are located at the northern edge of the pediment where up to 18 feet of Rocky 

Flats Alluvium overlies fractured claystone and the No. 1 Sandstone of the Arapahoe Formation. 

Beyond the pediment boundary, the topography slopes steeply to the north towards South Walnut 

Creek. Both the alluvium and the Arapahoe No. 1 Sandstone are truncated by the South Walnut 

/The unconsolidated surficial deposits consist of the Rocky Flats Alluvium and artificial fill in the 

trenches and are generally dry. The Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses or beds. 

Thickness of the alluvium is approximately 18 feet at Trench T-4 and 16 feet at Trench T-3. Below 

the outcrop of the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

Formation, the slope is covered with unconsolidated colluvium primarily composed of clay, or silty 

and sandy clay. Caliche is common in both alluvium and colluvium. On the slope, there are 

numerous slump features. 

Underlying the alluvium to the north of the trenches is the continuation of the claystone bedrock high 

from the 903 Pad area. The center of the associated paleoscour runs beneath Trenches T- 1 1 and T- 

10 to the south of Trenches T-3 and T-4 (Figure 4.2.2-2). This feature directs the surficial 

groundwater flow to the east, away from South Walnut Creek. However, the Arapahoe No. 1 

Sandstone subcrops beneath the eastern portion of trench T-3 and most of Trench T-4. This fluvial 

sandstone is incised into the surrounding bedrock claystone and consists of sandstone, clayey 

sandstone, and silty sandstone. The channel of the Arapahoe Formation No. 1 Sandstone is 

approximately 40 feet thick and mostly saturated. Groundwater flow is generally unconfined, and 

flow within the channel is northward towards South Walnut Creek (EG&G 1995~).  The sandstone 

subcrops beneath the colluvium between the trenches and South Walnut Creek at a spring and seep 

complex. 

2 
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geometric mean for unweathered bedrock is 8 x 1 O-' cm/sec. Infiltration into the underlying 

unweathered claystone is limited. 

is primarily through infiltration of precipitation, and 

Recharge to the No. 1 Sandstone is fro 

precipitation through the surficial deposits, and some flow from upgradient. Discharge is 

to seeps and springs located where the water bearing units are truncated by South Walnut - / 

groundwater occurs i n  the alluvium and in the No. 1 Sandstone that is in hydraulic 

connection with the alluvium. While 27 VOCs were detected within the UHSU groundwater, the 

majority were detected at concentrations below 100 ug/l. The major contaminants are 

trichloroethene (maximum value of 94,000 ug/l), carbon tetrachloride (maximum value of 4,500 

ug/l), and tetrachloroethene (maximum value of 1,000 ug/l). During the Soil Vapor Extraction Pilot 

Test Project, stratified water/NAPL samples were collected and analyzed from Trench T-3. 

Extremely high levels of VOCs were recorded, up to 37,000,000 ug/l for tetrachloroethene along 

with semivolatiles petroleuvompounds, and uranium-238 at concentrations up to 3,240 pCi/g 

(DOE 1995b).En addition, during drilling activities, tetrachloroethene and trichloroethene wire 

detected at concentrations of 12,000 and 1,000 ug/kg in Trench T-4. 

$fo--r-5 - 

-c 
F / 4 / z w v c -  4% 

c3-+- - - o w 4  

The downgradient boundary of the contaminant plume is located at a spring and seep complex on the 

south bank of South Walnut Creek, above Ponds B- 1 and B-2, where the No. 1 Sandstone subcrops. ( 6 r d  w- 

conducted at the seep complex. There d g n t i a l  ecological impacts because water from the 

contaminant plume containing tetrachloroethene and trichloroethene has reached South Walnut 

Creek. If concentrations in the seep complex increase over time, a greater contaminant mass may 

reach surface water. 

Concentrations of VOCs above 100 x MCLs have been detected by a recent sampling program %,'A3 
L e  
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A lobe of this contaminant plume extends to the east of the East Trenches area along the paleoscour 

cut into the bedrock surface. However, contaminated groundwater has not reached surface wqter. 

Uncontaminated alluvial groundwater discharges downgradient of this lobe as seeps in an unnamed 

tributary drainage to South Walnut Creek. This groundwater will continue to be monitored ensure 

that contaminated groundwater from this lobe does not impact surface water. 

4.2.6 IA Plume 

Several sources in the IA contribute trichlo 

the contaminated groundwater plume in the IA. The plume is defined based on a small number o 

wells, and is thought to be principally confined to the east central side of the plant. It is not clear 

whether it is a large coalesced plume, or discrete areas of contaminated groundwater closely 

associated with individual source areas. The contaminated groundwater plume is outside of the 

fenced portion of the protected area (PA) and extends downgradient towards the central portion of 

the IA. Primary contaminant sources are described below and shown on Figure 4.2.4-1. 

IHSSs 117.1 was used as a general stoiage 

northeast of Building 

HSS 117.2, located east of Buil 

etal. Minor leaks and spills occurred (DOE 1992b). The IA field investigations have determined 
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There have been numerous carbon tetrachloride spills within Building 776, resulting in suspected 

un F ilding contamination. This building may be the source of low level concentrations of carbon 

tetrachloride in groundwater on the eastern side of the plantsite. 
t9 

The IHSS 157.1 is adjacent to the Building 442 Laundry. Very low level concentrations (below 5 

ug/l) of tetrachloroethene (PCE) were detecte 

IHSS 158 is an area where waste boxes were staged and loade 2- onto rail cars. This area is 

considered a radioactive site, and is located north of Building 55 1. Soil gas surveys found 

concentrations above 100 ug/l for vinyl chloride, toluene, and BTEX at this location (DOE 1995d). 

IHSS 160 is a parking lot on the west side of Building 444. Drummed and boxed &r e'st ored 

at this location prior to paving, and leaked (HRR). The soil gas survey detected tetrachloroethene at 

99 ug/l at this location. Concentrations less than 10 ugh each of toluene, acetone, and benzene are 

also present (DOE 1995e). 

IHSS 17 1 is a training area for fire department personnel. In the past, diesel, gasoline and possibly 

waste solvents were ignited for fire fighting training purposes. The area is currently in use, and a 

metal tree is used for burning propane for training. Large volumes of water are used during training 

which may tend to accelerate migration of any contaminant plume. As expected, large 

concentrations of BTEX are present in the subsurface soils. Soil gas samples do not indicate high 

concentrations of VOCs. However, during drilling of a geoprobe hole in this IHSS, the rod came up 

coated with a brown liquid. Unfortunately, a sample could not be collected for analysis. It is 

possible that free product VOC does exist at this location (DOE 1995d). 
t 

The hydrogeology of the IA has not been as extensively studied as other areas at WETS. The 

Hydrogeologic Characterization Report (EG&G 1995) was the primary source for the following 

hydrogeologic information. The IA is located on a pediment capped by the Rocky Flats Alluvium. 

The pediment has been eroded at the sides to expose the underlying claystone of the Arapahoe and 

Laramie Formations. The Rocky Flats Alluvium consists of unconsolidated gravels, sands and clays 

with discontinuous lenses of clay silt and sand. Fill material is abundant and usually consists of 
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reworked Rocky Flats Alluvium. The geometric mean for the hydraulic conductivity of the Rocky 

Flats Alluvium i 

Groundwater occurs under unconfined conditions and flow is generally controlled by the topography 

of the underlying bedrock surface. Groundwater flow direction in the IA is generally eastward, with 

groundwater in the northern sections flowing to the northeast (Figure 4.2.4-2). Several building 

footing drain systems locally impact groundwater flow. Small bedrock channels are known to occur 

which direct the groundwater flow. 

2 

The IA groundwater plume is greatly influenced by the RFETS infrastructure. Groundwater 

recharge in the IA is from upgradient flow, infiltration of precipitation and substantial water losses 

from sewers and water-supply pipelines. Reduction of recharge from these sources could 

significantly reduce the potential for contaminant migration in the subsurface. 

The saturated thickness in the IA is typically 5 feet or less, with the greatest saturated thicknesses in 

the western part of the IA, decreasing to less than 5 feet in the eastern half of the IA. There are many 

unsaturated zones, particularly in the eastern half of the IA. These unsaturated areas are controlled 

by the bedrock, with bedrock highs generally dry. The decrease in saturated thickness in the eastern 

half of t h e 2 a y  be c z s e d  by impermeable areas. such as pa rking lots and buildings, which 

greatly limit infiltration. In addition, areas of high local recharge may be created adjacent totthe 

- < 
impermeable areas. Approximately 190 of 438 acres within the IA are covered by impermeable 

material. As a result, a greater amount of storm water runoff is channeled to permeable areas and 

may account for the large variations in saturated thickness. 

Discharge from the IA is probably primarily to building footing drains, engineered structures such as 

the OU 1 French Drain and the Solar Ponds Interceptor Trench System, and potentially to seeps at 

the boundary of the IA. Both the Interceptor Trench and OU, 1 French Drain have removed sufficient 

water from the surficial deposits to cause these to be locally unsaturated. Infiltration of groundwater 

into the underlying bedrock is generally limited due to the low hydraulic conductivity of the 

unweathered bedrock. 

September 1996 
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The IA groundwater contaminant plume extent is also controlled by interception of the plume by 

building footing drains and by the increased permeability and hydraulic conductivity through buried 

utility corridors. Full understanding of the migration of this plume depends on knowing how the 

various buildings, utility corridors, and sources interact. Unfortunately, there is insufficient 

knowledge of these factors to completely determine the configuration of this plume. 

c 

Figure 4.2.4-2 shows the average concentrations of VOC contaminants in the groundwater wells, and 

the probable contaminant sources. Treatment of contaminated groundwater within the IA does not 

appear to be necessary to protect surface water, because of the limited potential for migration. 

However, ongoing monitoring and evaluation of the groundwater will continue, to detect any 

Jmovement or expansion of the plume. Groundwater remedial actions may become 

necessary if the contaminant plumes expand, migrate significantly or become a threat to surface 

water. Actions such as removal of buildings, removal of subsurface structures, and placing 

impermeable caps over areas must be examined to determine whether these will increase the 

movement of the contaminated groundwater plume. Controls may be required if increased 

groundwater contaminant plume movement results from these actions. 0 k - 

4.2.7 Additional Plumes and Areas of Contaminated Groundwater 

There are several areas where there are sporadic occurrences of V C k  taminated groundwater, or 

where there are contaminant plumes with VOC concentrations less than 100 x MCLs. Contaminant 

plumes in the Present Landfill and Solar Ponds groundwater do not contain VOC concentrations 

greater than 100 x MCLs. However, these plumes are of interest because they are associated with 

RCRA units. In addition, a widespread but diffuse VOC plume is located near the PU&D Yard west 

of the Present Landfill. The setting and status of many of these plumes and occurrences are 

discussed below. 

0 

Present Landfill Plume 

2 

Operation of the Present Landfill (IHSS 114) for disposal of nonradioactive solid waste began in 
1968 and will continue until the new landfill opens, or another method of waste disposal is available. 

The landfill covers an area of approximately 27 acres (Figure 1-1). The total volume of landfill 
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material is approximately 415,000 cubic yards and consists of approximately 291,000 cubic yards of 

waste and 124,000 cubic yards of soil cover. 

Elevated tritium and strontium concentrations were detected in leachate draining from the landfill in 
1973. To control the migration of contaminants, interim response actions were taken. Interim 

response activities included construction of a surface-water diversion ditch around the perimeter of 

the landfill, two detention ponds immediately east of the landfill (West Landfill Pond and East 

Landfill Pond), a subsurface intercept system for diverting groundwater around the landfill and a 

subsurface leachate collection system. Between 1977 and 1981, the leachate collection and 

groundwater intercept systein$-dburied beneath waste during landfill expansion. The lateral 

expansion of waste placement resulted i n  waste being located beyond the extent of the subsurface 

drains to the north and south. I n  1982, two soil bentonite slurry walls were constructed to prevent 

e+ 

c 

groundwater migration into the expanded landfill area. 

Leachate is a product of natural biodegradation, infiltration, precipitation, and migration of 

groundwater through waste. Approximately 5,756,000 gallons of leachate are present in landfill 

debris within the intercept system and above the unweathered claystone bedrock which is considered 

the underlying confining unit. The saturated thickness of surficial materials is greatest near the 

center of the landfill which suggests that recharge may be occurring by groundwater flow under or 

through the north groundwater intercept system. Groundwater inflow may be occurring where the 

groundwater intercept system is not keyed into bedrock. Although an area of the south slurry wall is 
also not keyed into bedrock, well data indicates that it is effective in diverting groundwater. 

During the Phase I FU/RFI investigation, 38 discrete groundwater samples were taken. In addition, 

1990-1993 monitoring well data from 52 wells were used as the basis for determination of 

preliminary contaminants of concern. Groundwater in the UHSU at OU 7 contained metals, 

radionuclides, organic constituents and nitrates at concentrations higher than background (EG&G 

1994). 

I 

The highest concentration of chlorinated hydrocarbons occurred in groundwater upgradient of the 

landfill. VOC contamination upgradient is composed entirely of chlorinated hydrocarbons. In 

contrast, average BTEX concentrations were highest in leachate collected from within the landfill. 

The BTEX compounds were not detected in upgradient groundwater. Different types of VOC 

contamination are presented within the landfill and upgradient (southwest) of the landfill, suggesting 

that a distinct source of VOC contamination is present upgradient of the landfill. 
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Two separate groundwater plumes 

is located west of the landfill and is migrating down the No Name Gulch drainage. A second plume 

from an unknown source upgradient of the landfill is located in the groundwater south 

landfill. The second plume is diverted around the soathern slurry wa 

t+lfA%- . groundwater divide is located approximately 
500 feet south of the southern slurry wall. Antimony, iron, manganes 

chloromethane, ethylbenzene, and vinyl chloride concentrations in th 
Groundwater Tier I1 Action Levels. Because of the proximity to No 

/ 
further evaluation,&required. 

Solar Ponds Nitrate Plume 
& 

The Solar Evaporation Ponds (SEPs) consists of five surface water impoundments (Figure 1-1). 

From 1953 to 1986, these were used to store and evaporate radioactive process wastes and 

neutralized acidic process wastes containing high levels of nitrate and aluminum hydroxide. The 

materials placed into the SEPs included radioactively contaminated aluminum scrap metal, alcohol 

wash solutions, drums of waste radiography solutions, leachate from the Present Landfill, treated 

sanitary effluent, groundwater intercepted from the Interceptor Trench System (ITS), salt water 

solutions, wash water from the decontamination of production personnel, cyanide wastes, acid 

wastes and miscellaneous other compounds (DOE 19950. 

1985 and was completed for all SEPs by January 1995. 

1 of pond sludge beg 

The SEPs are on the eastern boundary of the pediment capped by the Rocky Flats Alluvium. 

Streams have eroded the pediment to the north and south with topographic relief of 50 to 100 feet. 

Much of the surficial deposits have been disturbed by construction of the SEPs, the ITS, nearby 

buildings and other infrastructure, however, borehole logs suggest that undisturbed Rocky Flats 

Alluvium often occurs below the disturbed ground. 

Thickness of the unconsolidated material ranges from 0 to 25 feet, and averages about 10 feet. The 

Rocky Flats' Alluvium overlies over the erosional bedrock surface and consist of poorly to 

moderately sorted gravel, sand, silt and clay with boulder to pebble size clasts derived from the 
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nearby Front Range. Artificial f i l l  was used as for road grade fill, berm construction, recontouring 

around engineered structures, and to f i l l  in lows for the surface impoundments. Fill consisted of 

reworked Rocky Flats Alluvium with imported offsite materials including crushed rock, plus sandy 

clay and gravel with fragments of concrete rubble. The Arapahoe Formation unconformably 

underlies the Rocky Flats Alluvium and f i l l  materials. Claystone is the predominant subcropping 

lithology, but the No. 1 Sandstone subcrops in the vicinity of South Walnut Creek. 

< 

. 

The shallow, unconfined groundwater occurs in unconsolidated surficial material and fractures in the 

underlying bedrock and the potentiometric surface generally mimics the surface topography. 

General flow direction is to the northeast under the SEPs. A bedrock high trending e sk 

the SEPs diverts the northern flow to the north-northeast towards North Walnut Creek, and the 

southern flow to the east-southeast towards South Walnut Creek. Unsaturated areas are present over 

a large part of the area, in part due to the TS) However, unsaturated areas to the south and east are 

not impacted by the ITS. The saturated t ickness varies from 0 to 5 feet over most of the area, and is 

thinner along topographic highs, or on SI pes where there are thin alluvium or colluvium depqsits. 

Along North and South Walnut Creek, 

s under @ 

e saturated interval can be as much as 10 feet thick. :1 L . p ? 4 % ? / L c g k O /  ~&-#Jd+& 

Hydraulic conductivity for the Rocky Flats Alluvium in this area is around 

were given for the f i l l  material. The hydraulic conductivities for the subcropping bedrock claystone 

ranges from 

cm/sec. No data 

to cm/sec. The hydraulic conductivities for the subcropping bedrock sandstone 

ranges from to cm/sec (DOE 1996b). 

4 
TFkepeisa large UHSU nitrate plume d e x t e n d s  and east from the Solar Ponds to the North 

groundwater found in th- 
w 

Walnut Creek drainage above Pond A-1 . 
plume. A lobe of this nitrate plume extends to the southwest for a short distance. While the primary 

nitrate source has been removed for several years, this contaminant plume still contains nitrates at 

concentrations above 100 x MCLs. Ho 

with time. 

the nitrate p l u m d w a s  replumbed i n  1993 to increase its effectiveness. The ITS captures ' 
approximately 2.7 million gallons of water per year, but is not entirely effective in preventing nitrate 

contamination from impacting the North Walnut Creek drainage (DOE 1994b). 

ver, nitrate concentrations within the plume are decreasing 3 TQwas installed to intercept contaminants and capture w 
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5 voc re present in the groundwater at the western edge of the Solar Ponds Area. 

These are most likely related to the carbon tetrachloride spill from IHSS 11 8.1 discussed earlier. 

Carbon tetrachloride is present at well P2 10 189, completed in &fe+t of silty sandstone believed 

to be the Arapahoe No. 1 Sandstone, at concentrations of 4,700 ug/l , tetrachloroethene at 1981 ug/l 

and trichloroethene at 2,200 ugh This subcropping sandstone could act as a conduit for the dissolved 

phase carbon tetrachloride plume. The extent of the contamination in the sandstone is unknown, and 

a limited investigation is proposed to determine the extent of contamination and whether there is a 

pathway to surface water. 

* 

’ 

C&&k * 

PU&D Yard Plume 
I 

The PU&D Yard has been used since 1974 to store drums, cargo boxes and dumpsters. The PU&D 

Yard is located northwest of the industrial area in an area approximately 225 feet by 830 feet (Figure 

1-1). Materials known to have been stored there include spent batteries, metal shavings coated with 

lathe coolant, and drums of spent solvents such as paint thinn s an%waste oils. Drummed 

hazardous material was also transferred in this area. Entamination exists from historical spills 

associated with past hazardous material transfer operations and storage at the site. Releases of 

battery acids and leaks from dumpsters and drums of spent solvents and waste oils have been 

reported. 

s+. 

The PU&D storage yard is underlain by the Rocky Flats alluvium which is approximately 25-30 feet 

thick in the vicinity. The alluvium is underlain by Ara hoe Formation claystone. Groundwater in 

this area flows to the east through the UHSU mater alg micking the surface topography. 0 I 

Recent soil gas investigations have verified the presence of volatile organic compounds immediately 

outside the eastern boundary of the PU&D storage yard. Organics, metals, and radionuclides have 

also been detected in surface soils (DOE 1995g). However, there are no subsurface samples of the 

soil and groundwater from this area. 

An area of poorly definedj contaminated groundwater, with VOC concentrations slightly above the 

MCLs, is located downgradient of the PU&D Yard, and upgradient and to the south of the Present 
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Landfill. Further investigation is required to identify the source or determine whether there is $ ~ 6 f f * ~ ~ ~  -fer 

impact to surface water quality. 

Other 881 Hillside Groundwater Contamination 

t 

There are several one-time detects of VOCs in groundwater along the 881 Hillside (Figure 1-1 ) .  

These do not seem to be related to a source, and may be more related to the problems of detecting 

very low levels of VOCs. In addition, there are two areas where contaminated groundwater has been 

identified, but where no action is required. Immediately adjacent to Building 881, there are sporadic 

detects of low concentrations of chlorinated solvents in groundwater. This suggests that sever 

small point sources may exist in this are 

The UHSU monitoring wells within the IHSS 1 19.2 drum storage area are dry or do not detect 

VOCs. However, there are infrequent detects of VOCs in groundwater sampled from two wells 

located within the drainage downgradient from IHSS 1 19.2. The source of these sporadic VOC 

detections may be the volatile plume derived from the 903 Pad. 3 
< 

In addition to the VOC contamination, the 88 1 Hillside groundwater contains( selenium and 

vanadium at above background levels. Neither of these elements is a documented WETS waste, nor 

requires remedial action to protect surface water. 

Old Landfill Groundwater Contamination 

The Old Landfill was in operation from 1952 to 1968 and was used to dispose of 

cubic feet of miscellaneous WETS waste (Figure 1-1). Accurate and verifiable records of the 

material placed into this landfill are not available, but all of the waste material was considered non- 

hazardous at the time. However, paint, solvents, paint thinners, oil, pesticides, and cleaning agents 

were placed in the landfill as these were not considered hazardous in 1968. The landfill also 

received some beryllium, depleted uranium, and used graphite. The Old Landfill does not have a 

liner, but the underlying unweathered claystone has a permeability of lo-’ to lo-’ cm/sec. The 

landfill was closed with a soil cover sometime after 1968 and prior to 1980 (DOE 1996~) .  
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t 

Groundwater occurs in the surficial deposits, primarily in the landfill material and alluvium. Many 

groundwater samples were collected during the OU5 RFI/RI investigation from wells, hydropunch 

samples from boreholes, and one-time samples from well points. &@ groundwater COCs 

identifild for the Old Landfill are barium, manganese and radium, however, these do not correlate 

well with the waste known to be diyosed 2 this site. Theware&o small areas of VOC 

contaminated groundwaterkn the Old Landfill area. One area is associated with a subsurface soil gas 

anomaly, the other is upgradient of the Old Landfill, probably related to the IA (section 4.2.6). 

@& cse*r 

The OU5 RFI/RI soil gas investigation (DOE 1996c) located two, small, subsurface 

the Old Landfill. One area is approximately 50 feet by 50 feet 

trichloroethene, and the other is about 64 feet by 64 feet 

trichloroethene and l , l , l-  

tetrachloroejhene and trichloroethene. 
e*& L o n - b , * S  

P- G COH-fCiJHJ 
Trichloroethene (maximum concentration of 19 

well associated with the larger anomaly. There 

) is sporadically detected in groundwater at one 

VOCs in groundwater associated with the 

other anomaly. 

One well upgradient of the Old Landfill (P416789) has had three historical detects of TCE. This 

well is probably detecting contaminated groundwater from the Industrial Area Plume. Seep samples 

from a location immediately downgradient of this well also contained trace amounts of VOCs. 

&?+& 
Walnut Creek Drainage Groundwater Contamination 

-several - wells i n  the area of the OU 6 trenches (IHSSs 166.1, 166.2 and 166.3) rhas low- 

level VOC and metal groundwater contamination- . Neither the subsurface soil samples 

taken from the OU 6 trench area nor the wells within the nearby Present Landfill contain the same 

contaminants found in the OU 6 wells which are located outside of the Present Landfill slurry wall. 

However, wells upgradient of the Present Landfill and outside of the slurry wall&ibit similar 

contaminants and concentrations (see PU&D Yard plume above) (DOE 1996d and EG&G 1994). 
t 

There several theories for the occurrence of these low levels of VOCs and metals (DOE 1996d): 

0 The trenches (IHSSs 166.1 to 166.3) may be the source of contamination and the field 

investigation did not detect these sources, 

September 1996 ILl 4-32 



RIVER-9.5-0121. UN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

0 

0 

The Present Landfill is the source, and the southern intercept wall is inadequate, 

Wastes may have been emplaced beyond the southern slurry wall, or 

Contamination is from a source upgradient of the Present Landfill, potentially the PU&D yard. 

* u r d - -  7 OU VOC contaminated groundwater is found upgradient of the Present Landfill (average total VOC 

concentration of 71 ug/l), as well at this location (31 to 68 total chlorinated 

hydrocarbons). In a d k o n ,  well data indicates the south effective (EG&G 1994). 

Therefore, it is most 

Present Landfill. 

a source upgradient of the 

a 
4.3 CLEANUP ALTERNATIVES 

The goal of this Groundwater Conceptual Plan is to manage and/or cleanup groundwater in order to 

be protective of surface water quality. The proposed cleanup of contaminated groundwater involves 

source removal or source containment, with treatment or management of the contaminated 

groundwater to achieve this goal. Conceptual remedies for each major contaminant plume were 

developed by ssessing the available technologies, and proposing a cost-effective, readily available ' 

technology. k e\afies 

Both active and passive remedial actions were initially considered. Active treatment actions such as 

pump-and-treat methods are well-known and accepted, but typically have high operation and 

maintenance costs, can have a negative impact on wetlands, may consume groundwater, have limited 

application in clayey aquifers, and are relatively inefficient for DNAPL source removal. Passive 

treatment actions include passive collection of groundwater with ex situ or in situ treatment. These 

systems may have higher initial capital costs, but have lower operation and maintenance costs, low 

energy consumption, no water consumption, and reduced equipment requirements. Passive treatment 

will collect DNAPL contaminated groundwater, but also will not remove the source. 

< 

The pump-and-treat methodology is commonly used and accepted. EPA has identified the pump- 

and-treat methodology as one of the most frequently used methods for groundwater remediation, but 

recognizes that pump-and-treat methods may require decades of potentially expensive operations to 

achieve cleanup levels (EPA 1992). A preliminary analysis was performed on the potential 
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effectiveness of pump-and-treat methods at WETS. The analysis concluded that pump-and-treat 

methods would not be an effective treatment for most contaminant plumes at WETS, based on the 

following: 

e Neither the UHSU nor the LHSU are capable of producing significant quantities of water, 
2 

because both have a relatively large clay content. 

e Aquifer tests conducted at WETS show that, for the most part, aquifer yields are low, 

ranging from 0.000006 gpin to 12 gpm, with an average of 0.3 gpm (EG&G 1995b). 

e Factors limiting water production within the UHSU include relatively thin saturated 

thicknesses and the presence of broad areas that become unsaturated during the fall and early 

winter (EG&G 1995b). 

e Surficial deposits at WETS have hydraulic conductivities in the to lo4 cm/sec range, 

whereas weathered and unweathered claystone bedrock have hydraulic conductivities in the 

10-7 cm/sec range. The valley-fill alluvium is the most permeable unit, but no contaminant 

sources are known to be present in this unit. 

t 

e Due to the relatively low permeability of the geologic units at WETS, cones of depression 

induced by groundwater removal would typically have very steep gradients, requiring a large 

number of closely spaced wells to effectively implement pump-and-treat remediation. 

0 Upgradient extraction of groundwater may adversely impact the present widespread 

distribution of seeps and springs (EG&G 1995b). 

e Most of the contaminant plumes in WETS groundwater have suspected sources consisting 

of DNAPLs, which are difficult to remediate by using pump-and-treat or passive methods 

because: 
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- DNAPLs have low dissolution rates in water and are denser than water, and 

therefore tend to sink to the bottom of the unit. 

The high clay content tends to adsorb DNAPLs, making these difficult or impossible 

to remove. 

Pump-and-treat remediation leaves residual DNAPLs, which will continue to act as a 

source, further releasing dissolved contaminants to the groundwater system. 

- 

- 

It may be possible to implement pump-and-treat methods for groundwater near the East Trenches, 

where the No. 1 Sandstone is contaminated. However, a large number of closely spaced wells would 

be required to effectively pump-and-treat groundwater due to the low conductivities and the resulting 

steep cones of depression. DNAPL contamination could easily remain after treatment. For these 

reasons, and the associated higher costs for this methodology, the pump-and-treat option was not 

considered as the proposed remediation treatment in this area. 

When properly placed, a passive collection system near the distal ends of plumes will effecti;ely 

capture the DNAPL-contaminated groundwater, but a contaminated plume would be left upgradient 

to naturally attenuate (DOE 1995h). The contaminants in the plume will degrade with time, and 

upgradient water will flush the source material toward the collection system. 

All proposed actions discussed below were selected to be effective, inexpensive to install and 

operate, and require minimal plant infrastructure support. For these and the preceding reasons, 

passive treatment actions are the preferred proposed remediation. 

Passive systems proposed for treatment of contaminant plumes in WETS groundwater include: 

e In situ passive collection and treatment system such as a funnel and gate, where 

contaminated groundwater is funneled into a reactive barrier by selective placement of 

relatively impermeable barriers. Treated water is released back into the groundwater I 

downgradient of the barrier. Such treatment systems have been used effectively at other 

sites. 

J 
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Collection of contaminated water from springs, seeps, and/or shallow drains, then pumping 

the collected water to an existing treatment facility (Building 891 Combined Water 

Treatment Facility), and discharging the treated water to the surface water system. 

. Passive collection of contaminated water from springs, seeps, and/or shallow drains, then 

using gravity to feed the collected water through a nearby, ex situ treatment system, which 

uses granulated activated carbon, reactive iron, or other simple treatment options such as air 

strippers. 

The passive treatments proposed in this plan could use any of these methods and are conceptuhl in 

nature. No engineering feasibility analyses were performed and the proposed remedial actions were 

not evaluated with regard to changing site conditions over time. Before implementation of any 

remedy, an evaluation will be done to determine the most appropriate, effective, implementable, and 

cost-effective remedy for each plume of contaminated groundwater. The result of these evaluations 

will be presented as part of ASAP or in a planning or implementation document such as an Interim 

Measurehnterim Remedial Action (IM/IRA), along with the data used to make the decision. It is 

possible that, as a result of these evaluations, different remedial actions will be selected for the 

different contaminant plumes in WETS groundwater. 

Assumptions 

The proposed conceptual remedial actions for treatment of contaminated groundwater were 

developed using the following assumptions: 
2 

WETS groundwater will not be used for domestic or other consumptive purposes, and there 

are no pathways for contain inated groundwater to directly impact human receptors. 

Groundwater will be managed or remediated to protect surface water and to minimize 

potential ecological impacts due to entering the surface water system. 
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Source removals or containment of subsurface soil sources will be designed to prevent 

further migration of groundwater containing contaminant concentrations greater than 100 x 

MCLs. 

Remediation and plume management will preserve wetlands where possible. 
I 

Proposed actions will be implemented using cost-effective methodologies. 

Based on preliminary analysis, passive groundwater treatment or containment would appear 

to be the preferred remedial alternative for most contaminant plumes in WETS groundwater. 

Performance monitoring will be conducted for all remediation systems to verify 

effectiveness. 

The remediation and management decisions described herein are based on the existing data 

set for contaminant plumes, as well as on known technologies that are believed to be 

applicable to treatment of RFETS groundwater. 

For this plan, the proposed actions are assumed to be passive treatment or containmerit 

devices. Passive treatment systems will be sited downgradient from the sources and 

coincident with the Tier I boundary within the plume, or where otherwise practicable and 

feasible. The actual remedial actions and location of these actions will be decided on a case- 

by-case basis and detailed in an IM/IRA or Proposed Action Memorandum (PAM) before 

r 

Anlalternatives analysis for any proposed action will be presented as part of ASAP or as an 

IM/IRA decision document. 

As per RFCA, contaminant plumes in RFETS groundwater which are stable and do not 

impact surface water above action levels will not require cleanup. 

All remedial actions will be consistent with the proposed end-state of RFETS. 
I 
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4.4 POTENTIAL CLEANUP ACTIONS 

Using available information, the following potential actions were conceptually developed for each 

major VOC contaminant plume in groundwater. As contaminated seeps are the most distal ends of 

these contaminated groundwater plumes, these will be managed through cleanup of groundwater 

sources, natural attenuation, and/or interception at or upgradient of seep locations in accordance with 

the action level framework and the ER ranking. Further analysis of dternatives for feasibility, cost 

effectiveness, and suitability must be performed before initiating any action. Figure 4-1 shows the 

conceptual location of the groundwater actions. 
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4.4.1 Pote,ntial Action for the 881 Hillside Drum Storage Area Plume 

The final remedy proposed for OU 1 is to excavate those soils containing VOC concentrations 

greater than the Tier-I action levels. The volume of the source area requiring excavation is estimated 

at between 900 and 1,900 cubic yards of colluvium and weathered bedrock. Excavating the source 

will also remove much of the contaminated groundwater above Tier I action levels (Sampling and 

Analysis Report, 1996). After demonstrating that this proposed remedy has been effective, and that 

the source and much of the resulting contaminated groundwater have been removed, the French 

Drain and recovery well are expected to be removed from operation. 2 

This remedial action will be protective of surface water quality, and should.reduce or eliminate any 

potential long-term stress to environmental receptors of contaminants that may reach Woman Creek. 

4.4.2 Potential Action for the Mound Site Plume 

Cleanup of the Mound Site contaminated groundwater plume will consist of excavating the 

subsurface soil exceeding Tier-I action levels for soil cleanup criteria for VOCs. Contaminated 

materials in Trench T-1 will also be removed using the same criteria. The remedial action proposed 

for the groundwater with concentrations of VOCs in excess of Tier I action levels is to perform near- 

surface collection of the plume front before it reaches South Walnut Creek. Interception of the 

contaminant plume will be accomplished by making improvements to the existing seep collection 

system at SW059. The contaminated water is expected to be treated by a passive system installed 

along the south bank of South Walnut Creek. 
2 

Containment and treatment of the contaminant plume in Mound Site groundwater will result in a 

reduction of risk to the environment posed by uncontrolled releases of contaminated groundwater to 

surface water. 

4.4.3 Potential Action for the 903 Pad and Ryan’s Pit Plume 

The proposed action is to remove contaminant sources exceeding the Tier I soil action levels for 

VOCs in soil from the 903 Pad area. Removal of the subsurface soils in the Ryan’s Pit area has 
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already been completed. The remedial action proposed for the groundwater with concentrations of 

VOCs in excess of Tier I action levels is to perform near-surface collection of the plume front before 

it reaches Woman Creek. The contaminated water is expected to be treated by a nearby passive 

system. 2 

4.4.4 Potential Action for the Carbon Tetrachloride Spill Plume 

actions identified for this groundwater contaminant plume: (1) source 

removal by using shallow recovery wells to remove as much of the free-phase carbon tetrachloride as 

possible, and (2) removal of the contaminated soils, adjacent tanks, and associated piping!% this 

time, the building infrastructure in the area is containing this plume. Monitoring must continue to % & 
ensure that contaminated groundwater does not impact surface water. After removal of the 

infrastructure, near surface capture of this plume may be required to minimize impacts to surface 

water. If required, the captured water will be treated at a nearby passive treatment plant. This area 

may be capped as part of the 10-Year Plan. The impact on groundwater must be determined to see if 

additional controls are necessary. 

4.4.5 Potential Action for the East Trenches Plume < 

Source remediation for Trenches T-3 and T-4 was completed in 1996 to remove subsurface soils that 

exceed the applicable WETS soil cleanup criteria for VOCs. This action removed the contaminant 

source of this contaminated groundwater plume. The remedial action proposed for the remaining 

contaminated groundwater plume is to install a near-surface plume capture system near the distal end 

of the plume, and to use passive technologies to treat the contaminated groundwater. 

4.4.6 Potential Action for the IA Plume 

This groundwater contaminant plume may not require action because source removal and D&D 

activities should remove contaminant sources, the source of water in the plume will be reduced over 

time as capping and/or regrading and revegetation reduces infiltration, and water loss from the 

WETS utilities will be eliminated. Monitoring must continue to ensure that contaminated 

groundwater does not migrate, or create a threat to surface water. An upgradient groundwater 

barrier is not recommended as preliminary calculations indicate that only 15 percent of the present 

135 September 1996 4-40 



RF/ER-95-Q121. UN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

recharge (precipitation plus groundwater influx) to the IA could be diverted by an upgradient barrier, 

preventing approximately 4 gallons per minute of groundwater flux from entering the IA. 

4.4.7 Potential Actions for Additional Plumes 

Present Landfill Plume 

An interim remedial action has been installed at this location to collect the contaminated 

groundwater and leachate flowing from the landfill for treatment. This gravity-driven system 

consists of cement vaults for collecting the contaminated water. Treatment includes a settling basin, 

bag filters to remove suspended solids, and granular activated carbon to remove organic chemical 

constituents. Contaminated water is treated to comply with established cleanup levels. This 

treatment should effectively mitigate the potential ecological risk from the contaminants of cqncern. 

The treatment system may change or be eliminated once the Present Landfill cap is installed, because 

groundwater migration may no longer be a concern. 

Solar Ponds Nitrate Plume 

Proposed remedial actions for the groundwater nitrate plume, if required, will be developed at a later 

date, based on final cleanup standards and site-specific hydrogeologic conditions. No source 

removal is planned for nitrate-containing media. However, a caphover is being considered, which 

would reduce the groundwater recharge and the flow through the nitrate-contaminated soils. 

Recommendations from the[W&king Group, if approved by the Water Quality Control Commission 

(WQCC), will change the stream classification for nitrates from drinking water to agricultural. 

There is some possibility that this surface water will be used for irrigation. Measures are being 

implemented which will restrict use of this water for domestic use. If the drinking water 

classification is lifted, then the nitrate concentrations seen in the surface water as a result of the 

nitrate plume are acceptable for all of the remaining uses, and could be of benefit for irrigation. 

I 
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PU&D Yard Plume 

A limited field investigation will be completed in 1997 to determine the impact to surface water. 

This may be followed by a source removal the same year. The limited field investigation will 

determine whether groundwater remedial action(s) are required to protect surface water. 

Other 881 Hillside Groundwater Contamination 
< 

No action is required to mitigate this plume as it is not impacting, or expected to impact surface 

water. Any point sources around the building are expected to be dealt with during building 

demolition. 

Old Landfill Groundwater Contamination 

The VOC contaminated groundwater associated with the Old Landfill is limited in extent, closely 

related to a small source area, and is not a threat to surface water quality. Therefore, this 

contaminated groundwater does not require any action. 

Walnut Creek Drainage Groundwater Contamination 

It is most likely that the contamination in this area has migrated from a source upgradient of tfie 

Present Landfill, potentially the PU&D Yard (see above). Contaminated groundwater in this area 

will be addressed as part of the remedy for the upgradient plume. 

4.5 PLUME RANKING 

Sources or contaminant plume above action levels that are determined to be candidates for remedial 

actions have been prioritized to determine the sequence in which remediation will occur. To 

accomplish this task, a methodology was developed by CDPHE, EPA, K-H, and RMRS staff to rank 

the known environmental risks at RFETS and is outlined in the “Environmental Restoration (ER) 

Ranking” (RMRS 1995). 
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The ER ranking is currently being updated to incorporate the new action levels. Sites are ranked 

using the following criteria: 1 )  concentrations of contaminants present in soil, subsurface soil, and 

groundwater; 2) impact to surface water; and 3) the potential for further release which quantifies the 

possibility that source material will continue to release contaminants into the environment. The 

resulting prioritized list is used to determine the general order in which to implement remedial 

actions. 

2 

\ 
This methodology incorporates a very conservative approach. As a result, IHSSs, areas and 3 d  

groundwater plumes where formal risk assessments have determined that there is no unacceptable 

risk may rank higher than expected 011 the prioritized list. 

The Working Group recommended that the groundwater plumes be prioritized separately from the 

contaminant sources to allow the groundwater actions to be initiated separately from the source 

removal actions. The methodology for ranking the groundwater plumes follows: 

v 
1) Action Leve1,Framework S c o w  

were compared to the propos Tier I1 ction levels, and a ratio of the analytical result to 

Tier I1 action level value was calculated. The maximum ratio for each analyte within the 

contaminant plume was tabulated, and a total score for each groundwater plume was 

calculated by summing the maximum ratios. The resulting summed values were then 

converted to a Score Ratio using Table 4-1. 

u 

2) Impact to Surface Water: A rating of 1 to 3 was assigned to each plume based on the 

evaluation of whether or not the groundwater contaminant plume was impacting surface 

water at Tier I action levels (a rating of 3 ) ,  had the potential or was impacting surface water 

at Tier I1 levels (a rating of 2), or did not pose a threat to surface water at this time (a rating 

P 

of 1). 

3) Potential for Further Release: A rating of 1 to 3 is assigned based on an evaluation of 

whether or not there is a potential for contaminants to continue to migrate into groundwater 

(i.e., is an uncontained source present?). If there is probably free product present, a rating of 

3 is assigned, if high concentrations of contaminant are present in soil, a rating of 2 is 
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assigned and if there is probably no uncontained source present, a rating of 1 is assigned. 

Because the groundwater plumes are ranked separately from the contaminant sources, and 

the contaminants are already in the groundwater, the potential for further release for all 

plumes is rated as a 1. 

Table 4-1 Converstion Table for Scores 

Summed Groundwater Ratios 1 Score Ratio 
> 20,000 10 

10,001 - 20,000 9 
5,001 - 10,000 8 
1,001 - 5,000 7 
501 - 1,000 6 
251 - 500 5 
126 - 250 4 
76 - 125 3 
26 - 75 2 
1 - 2 5  1 

‘The ER Ranking was recalculated in September 1996 using the new action levels and standards, and 

including the 

cdntaminant p l u m e s e  * 

I Table 4-2 P - 
i 

Plume 

Mound Site 
903 Pad and Ryan’s Pit 
East Trenches 

PU&D Yard 
881 Hillside Drum Storage Area 
Carbon Tetrachloride Spill 
IA 
Solar Ponds 
Present Landfi 11 

ER 

3 g 

6 
10 
11 

15 , 

17 
18 
20 
22 
26 

Comments 

Ryan’s Pit source removed 
Trenches T-3 and T-4 sources 
removed 

Ranking due to nitrate concentrations 
Groundwater presently 
collected/treated 
Below Tier I action levels 
Below T- 

z 
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5.0 NEXT STEPS 

Additional data must be collected and/or analyzed before implementing actions. Not all groundwater 

contaminant plumes and sources are characterized sufficiently to implement an action, and 

appropriate methodologies for collection and treatment must be identified. The ecological impacts 

of groundwater collection and treatment must be determined, as collection of the distal plume 

boundaries may irreparably damage wetlands and seeps. < 

Before implementation of any ‘remedy, a planning or implementation document such as an Interim 

Measurehnterim Remedial Action (IM/IRA) or PAM must be prepared, and an engineering design 

must be completed. 

Based on the currently available information, following are the steps already completed towards 

groundwater remediation, and the proposed next steps. All of these activities have been proposed for 

funding within the next 5 years. 

a Soils in OU 1 881 Hillside Drum Storage Area (IHSS 119.1) that contain contaminant 

concentrations above action levels may be excavated, removing material above the Tier I 

Action Level. Because the source of groundwater contamination would be removed, the use 

of the French Drain system and recovery well may no longer be necessary. After monitoring 

demonstrates the effectiveness of the remedy, these will be removed from service. 
2 

The seep near Woman Creek will be evaluated to determine whether it is related to the 881 

Hillside Drum Storage Area, and if there is an impact to surface water above action levels. 

0 The source of the Mound plume is anticipated to be remediated as an accelerated action. 

Pre-remedial investigations were completed in’ 1996 to delineate the extent of the 

contaminant source for this plume. Further pre-remedial investigations to determine the 

extent of the distal end of the groundwater contaminant plume, and effective, passive 

treatment methodologies are expected to continue in the near future. Gravity-flow passive 

treatment systems will be the preferred option. 
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0 The sources of the 903 Pad and Ryan’s Pit plume are scheduled to be removed. The Ryan’s 

Pit source has already been characterized and remediated. Pre-remedial investigations are 

proposed to determine the extent of the source. The distal ends of the groundwater 

contaminant plumes require better definition in order to appropriately site collection and 

treatment systems. Gravity-flow passive treatment systems will be the preferred option. 

t 

0 A pre-remedial investigation is proposed for the carbon tetrachloride spill plume (IHSS 

118.1) to better define the source, and to evaluate remedial actions. After the source is better 

defined, source removal is recommended. A limited pump and treat system may be installed 

due to the large amount of free product present in a limited area. If required, after removal 

of the surrounding buildings and associated footing drain systems, a passive collection and 

treatment system may be installed to contain the dissolved phase of this plume. This system 

would be located along the post-building removal, downgradient flow path near the impacted 

drainage. 

2 

0 . The sources for the East Trenches plume have been removed. Accelerated actions were 

completed in 1996 to excavate Trenches T-3 and T-4, and materials above the Tier I action 

levels were removed. The distal end of this groundwater contaminant plume requires better 

definition in order to appropriately site collection and treatment systems. Gravity-flow 

passive treatment systems will be the preferred options. 

0 The IA plume will continue to be monitored to ensure that there is no increase in migration, 

and that there is no impact to surface water quality. 

e Groundwater treatment systems need to be investigated to determine the optimum treatment 

methodology. 

The unknown extent of the chlorinated solvent plumes associated with the PU&D yard 

(IHSS 170, 174a, and 174b) is a data gap. Because the nature of the southern boundab of 

these plumes is undetermined, the potential impact to surface water cannot be evaluated. A 

limited characterization investigation is proposed for 1997 to determine the extent of the 

plume, and to determine the location, nature and size of the source material. Previous 
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investigations suggest that the contaminant source(s) may be located immediately east of the 

known PU&D yard boundary. Source removal is expected to follow in 1997 if a 

contaminant source can be defined. 

Soil vegetative caps or covers may be used throughout WETS where necessary to limit 

natural recharge caused by precipitation from leaching of contaminants in the unsaturated 

zone and into groundwater. This would 

t h m y  reduce the mobility of the contaminant plumes. Subsurface 

sources of groundwater contamination would be removed where practical. At the end of the 

D&D/remediation phase, the plant water supply and sanitary sewer will be shut off. This 

will eliminate a major source of groundwater recharge for the IA, and should greatly reduce 

the mobility contaminant of the IA and carbon tetrachloride spill plumes. 

the movement of groundwater 

2 

A limited investigation is proposed for the Solar Ponds area to determine the extent of VOC 

contamination and whether there is a pathway to surface water. Carbon tetrachloride and 

trichloroethene are present at a well located near the western side of the SEPs. However, the 

extent of the contamination in the sandstone, and whether the sandstone subcrops in the 

North Walnut drainage are unknown. 

Further analysis is required to determine optional intercept locations, actual treatment 

methodologies, and cost-effective project planning and scheduling. 

The ER Ranking scheduled to be completed in 1996 and the proposed ranking of groundwater 

plumes presented in Section 4.5 provide the basis for establishing’the priority and sequence of 

proposed cleanup actions. However, a schedule for implementing groundwater cleanup will be 

dependent on funding, data sufficiency, resource availability, and the integration with other cleanup 

and WETS activities. 
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EXECUTIVE SUMMARY 

The Groundwater Conceptual Plan provides a basis for cleanup and management of contaminated 

groundwater at the Rocky Flats Environmental Technology Site (RFETS) consistent with the Rocky 

Flats Cleanup Agreement (RFCA) Preamble, and the Action Levels and Standards Framework for 

Surface Water, Ground Water and Soils. The Groundwater Conceptual Plan describes the 

management and cleanup of contaminated at RFETS. This plan was originally issued in March 

1996, but has been revised to reflect the Final RFCA, and to include more groundwater plume data. 

Addressing groundwater on a sitewide basis allows for effective coordination of groundwater 

activities, and provides consistency in addressing groundwater contamination. Because domestic use 

of groundwater at WETS will be prevented through institutional controls, the goal is to manage or 

cleanup groundwater to protect surface water quality for all agreed-upon uses. In addition, the 

Groundwater Conceptual Plan identifies, describes, and ranks the principal groundwater contaminant 

plumes to provide a planning basis for funding, and implementation of groundwater actions. 

The lateral extent and spread of contaminants in RFETS groundwater is limited by hydrogeologic 

conditions, therefore the contaminant plumes are relatively stable. In addition, groundwater 

discharges to surface water before leaving WETS and there is a natural vertical barrier to downward 

migration of contaminated groundwater. Low-permeability claystones form a barrier at least 500- 

feet thick between contaminated groundwater at RFETS and the LaramieEox Hills aquifer. 

The volatile organic compound (VOC) contaminant plumes in groundwater have the most potential 

to impact surface water, and are the primary focus of the Groundwater Conceptual Plan. 

Contaminant plumes with other, inorganic, constituents were addressed where surface water is 

impacted above action levels. A two-tiered approach for action levels was developed for 

groundwater and soils to be protective of surface water uses as well as to be protective of the 

ecological resources. The Tier I action levels were developed to identify potential cleanup targets. 

For groundwater, these were defined as 100 x Federal Drinking Water Maximum Contaminant Level 

(MCL) for VOCs. Tier I1 action levels were developed to identify contaminated groundwaterrthat 

may impact surface water and were defined on the basis of exceedances above the MCL for 

individual constituents. 
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Six groundwater contaminant plumes have been identified where contaminant concentrations exceed 

the Tier I action levels. These contaminant plumes are: (1) 88 1 Hillside Drum Storage Area Plume, 

(2) Mound Site Plume, (3) 903 Pad and Ryan’s Pit Plume, (4) Carbon Tetrachloride Spill Plume, (5) 

East Trenches Area Plume, and (6) Industrial Area Plume. In addition, other groundwater plumes 

do not exceed the Tier I action levels, but may have the potential to impact surface water. These 

additional plumes include the Present Landfill, Solar Ponds and Property Utilization and Disposal 

(PU&D) Yard plumes. 
- 

Proposed cleanup actions consist of source removal or containment, with capture and treatment or 

management of the contaminated groundwater. Using available information, potential action9 were 

conceptually developed for each major groundwater contaminant plume. Based on capture and 

treatment effectiveness, installation and operating costs, and plant infrastructure requirements, 

passive captive and treatment methods were the preferred conceptual actions. Before each cleanup 

action can begin, analyses must be done to select the specific cleanup alternative, and to perform 

engineering design. Additional data may be needed to ensure the proper placement of cleanup 

systems. 

The groundwater contaminant plumes were ranked based on the methodology previously developed 

to provide the basis for establishing the priority and sequence of proposed cleanup actions. 

However, a schedule for implementing groundwater cleanup will be dependent on funding, data 

sufficiency, resource availability, and the integration with other cleanup and WETS activities. i 
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1 .O INTRODUCTION 

The Groundwater Conceptual Plan was originally developed as a joint effort between the Department 

of Energy, Rocky Flats Field Office (DOERFFO), Kaiser-Hill Company, L.L.C. (K-H), Rocky 

Mountain Remediation Services, L.L.C. (RMRS), the Environmental Protection Agency (EPA), and 

the Colorado Department of Public Health and Environment (CDPHE). This plan incorporates the 

final Rocky Flats Cleanup Agreement (RFCA) (July 19, 1996), and guidance from the Action Levels 

and Standards Framework for Surface Water, Ground Water, and Soils Working Group (“the 

Working Group”). This Working Group was formed to: 

0 Provide a basis for future decision making, 

. Define the common expectations of all parties, and 

0 Incorporate land- and water-use controls into site cleanup. 

The Groundwater Conceptual Plan was originally issued in March 1996, and has been revised to 

incorporate changes in RFCA, and additional information on plumes. 
1 

1.1 ROCKY FLATS CLEANUP AGREEMENT AND ACCELERATED SITE ACTION 
PROJECT (ASAP) 

The RFCA was finalized between DOERFFO, EPA, and CDPHE to ensure the effective and 

efficient cleanup of RFETS. The RFCA Preamble mandates that environmental cleanup will be 

implemented through an integrated and streamlined regulatory approach. The RFCA preamble also 

defines the approximate areal extent of the five future conceptual land uses: (1) capped areas 

underlain by waste disposal cells or contaminated materials closed in-place, (2) an industrial-use 

area, (3) restricted open space, (4) restricted open space because of low levels of plutonium 

contamination in surface soils, and (5) unrestricted open space. 

The RFCA Preamble states that the goal of soil and groundwater management and cleanup is the 

protection of surface water quality for the designated uses. Proposed actions will be designed to 
1 
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protect ecological resources to protect the appropriate industrial or open space uses. Groundwater 

will not be used for any purposes at RFETS, except as related to cleanup activities. 

ASAP was developed as a strategy to reduce risks and close RFETS. The strategy is being used to 

develop a comprehensive action plan implement the objectives of the RFCA Preamble and to ensure 

that, after cleanup, surface water and groundwater leaving the site will be acceptable for any use. 

This Groundwater Conceptual Plan was developed using the conceptual EGCA Preamble objectives 

and the Action Levels and Standards Framework for the Surface Water, Ground Water, and Soils. It 

conceptually describes the management and cleanup of contaminated groundwater to protect surface 

water and ecological resources. 

1.2 PURPOSE OF THE GROUNDWATER CONCEPTUAL PLAN AT RFETS 
1 

Groundwater at WETS is present in the shallow, unconsolidated sediments and subcropping bedrock 

throughout the site. In the past, each Operable Unit (OU) investigated groundwater within its 

boundaries without addressing influences from upgradient sources. However, groundwater is not 

limited by OU or Individual Hazardous Substance Site (IHSS) boundaries. Several sources may 

contribute to a single groundwater plume, and groundwater plumes may cross several OUs and 

contribute to surface water contamination a great distance from the source location. Figure 1-1 

shows the location of the principal areas discussed in the text. 

The Groundwater Conceptual Plan addresses groundwater on a sitewide basis, in order to allow 

effective coordination of groundwater activities, and establishes a consistent approach to addressing 

groundwater contamination. While remediation of groundwater contaminant plumes must consider 

both the source and the associated groundwater plume, groundwater plume remediation can be 

performed independently of source remediation. Because there is no exposure pathway to humans 

from contaminated groundwater, the programmatic goals are to protect surface water and the ' 

environment, and limit potential contaminant migration (to the extent possible). 
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The three specific goals of the Groundwater Conceptual Plan are to: 

1) Identify and describe the principal contaminant plumes in groundwater; 

2) Rank the contaminant plumes for the purpose of establishing the priority for cleanup actions, 

in accordance with the method outlined in the “Environmental Restoration Ranking” (RMRS 

1995); and 

3) Provide an initial planning basis for funding and implementation of groundwater cleanup. 

To meet these goals, the Groundwater Conceptual Plan proposes cleanup and/or management of 

contaminated groundwater through source removal, source control, and/or treatment of dissolved- 

phase plumes. Contaminated seeps are also addressed, as these represent the distal ends of the 

contaminated groundwater plumes. The Groundwater Conceptual Plan also recommends evaluating 

whether some areas of contaminated groundwater may remain in place, given that the programmatic 

goals can be met without active intervention. 

1.3 DOCUMENT ORGANIZATION 

The conceptual plan for groundwater restoration is presented in five sections: (1) Section 1.0 

provides an introduction, describes the goals and purpose of the groundwater strategy, and presents 

the organization of the report; (2) Section 2.0 provides a summary background on groundwater at 

WETS; (3) Section 3.0 presents the action levels and standards developed by the Working Gmup 

and describes the groundwater monitoring requirements; (4) Section 4.0 describes the various 

groundwater contaminant plumes present at WETS and provides an overview of the proposed 

cleanup actions that may be used; and (5) Section 5.0 summarizes the proposed next steps. 

This document also contains three appendices: (1) Appendix A is a list of acronyms used in this text, 

(2) Appendix B contains Attachment 5 to RFCA, the Action Levels and Standards Framework for  

Surface Water, Ground Water, and Soils, and (3) Appendix C contains the executive summary of the 

White Paper - Analysis of Vertical Contaminant Migration Potential - Final Report, RFER-96- 

0O40.UN7 report prepared for Kaiser-Hill Company, August 16, 1996 
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2.0. HYDROGEOLOGY AT RFETS 

A basic understanding of the hydrogeologic setting is important for evaluating the nature and 

distribution of contaminated groundwater at RFETS. The current reference documents for 

describing the sitewide geologic, hydrogeologic and groundwater geochemical data at WETS are the 

“Geologic Characterization Report for the Rocky Flats Environmental Technology Site” (EG&G 

1995a), the “Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology’ 

Site” (EG&G 1995b), and the “Groundwater Geochemistry Report” (EG&G 1995~). Much of the 

following discussion was derived from these reports. Unpublished plume maps from the 1995 Well 

Evaluation Project were modified to generate the plume configuration maps in this report. 

Figure 2-1 illustrates the geologic setting of RFETS. Conceptually, the shallow groundwater at 

RFETS flows through two separate water-bearing layers, known as hydrostratigraphic units. These 

units are defined based on observed differences in hydrologic and geochemical for each flow system. 

These units are generally referred to as the upper hydrostratigraphic unit (UHSU), and the IoGer 

hydrostratigraphic unit (LHSU). A third hydrostratigraphic unit, a permeable, deep regional artesian 

aquifer known as the Laramie-Fox Hills aquifer, lies below the LHSU and is used extensively as a 

water supply in the WETS and greater Denver area. The RFETS hydrostratigraphic units are 

described in the greater detail in the Hydrogeologic Characterization Report for the Rocky Flats 

Environmental Technology Site (EG&G 1995b). 

The UHSU is the predominant water-bearing unit of concern at RFETS and is considered to be 

equivalent to the “uppermost aquifer” as defined by the Resource Conservation and Recovery Act 

(RCRA). It consists of unconsolidated, sandy and gravely materials mixed with clay (i.e., alluvium, 

colluvium, and artificial fill), as well as weathered bedrock claystones and sandstones which are 

hydraulically connected to the alluvium. The LHSU consists of unweathered claystone with some 

interbedded siltstones and sandstones. There is a significant difference in the ability of each unit to 

transmit groundwater. For example, the geometric mean hydraulic conductivity value of 2 x !O“ 

centimeters per second (cmlsec) for the Rocky Flats Alluvium (UHSU) is about three orders of 

magnitude greater than that for unweathered LHSU Laramie claystones (geometric mean of 3 x 

cm/sec). The hydraulic conductivities of LHSU materials are similar to that required for a landfill 

liner (EG&G 1995b). Wells completed in the UHSU and LHSU generally have poor water-yielding 
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characteristics that prevent their development as viable water sources for residential use, although a 

few isolated UHSU well locations (Le., bedrock sandstones in OU 2 (EG&G 1992) and valley-fill 

alluvium in Walnut Creek near Indiana Street (EG&G 1995d) have sustainable well yields that could 

support limited household use. 

The spread of individual groundwater contaminant plumes at WETS is limited by natural 

hydrogeologic conditions, including: the magnitude and distribution of hydraulic conductivities and 

hydraulic gradients; limited aquifer extent and interception of plume fronts by hydrologic boundaries 

(Le., interception of groundwater contaminant plumes by drainages); and other physical controls, 

such as bedrock topography and the presence of discontinuously saturated areas, that constrain and 

moderate groundwater and contaminant movement. 

Groundwater is estimated to flow slowly at WETS. For example, using Darcy’s Law, the velocity 

of groundwater moving laterally through the Rocky Flats Alluvium in the East Trenches Area is 

estimated to be about 50 feet per year (assuming a hydraulic conductivity of 217.3 Wyr, effective 

porosity of 0.1, and hydraulic gradient of 0.0213 Wft). 

Because natural processes such as sorption and geochemical transformation reactions tend to 

attenuate the movement of organic contaminant plumes in groundwater, the velocity of contahinant 

movement is expected to be retarded relative to the groundwater flow velocity. Contaminants in the 

East Trenches Plume would then be expected to migrate at rates ranging from about 2.5 and 25 feet 

per year, based on a reasonable range of retardation factors and neglecting the effects of dispersion 

and diffusion. Other processes may further attenuate contaminant movement, such as diffusion of 

aqueous contaminants into clayey matrix materials. Therefore, in some cases, plume front 

movement appears to be imperceptibly slow. The apparent slow migration rate of some contaminant 

plumes at WETS, although not fully understood, provides a higher level of confidence that 

temporary deferment of remedial actions at these plumes will not result in undue risks to the 

environment. 

Groundwater in the surficial deposits of the UHSU generally flows to the east following bedrock and 

surface topography, and ultimately discharges to one of three stream drainages which are the main 

water pathways offsite. These drainages include Walnut and Woman Creeks, which receive 
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groundwater flow from the IA, and Rock Creek, which receives groundwater flow from areas‘ 

essentially unimpacted by WETS activities. Surface water flow from the IA is controlled by a series 

of impoundments in the Walnut and Woman Creek drainages. These impoundments also intercept 

groundwater flow associated with the valley-fill alluvium and promote ‘intermingling of surface 

water with groundwater prior to release offsite. As a result, here is no known direct hydraulic 

connection between impacted groundwater at WETS and offsite domestic wells. 

In partially saturated areas, alluvial UHSU groundwater has been shown to preferentially flow along 

predepositional channels cut into the underlying bedrock surface (see Figure 2-2). These channels 

are known to occur in the IA, Solar Ponds, 88 1 Hillside, 903 Pad, and East Trenches Areas. 

Groundwater flow is often concentrated within these channels, and hillside contact seeps result 

where these channels are cut by erosional surfaces. These channels restrict plume spreading and 

movement. Other hydrogeologic controls for groundwater flow and contaminant transport are 

hydraulic gradient, distribution of subcropping sandstones and claystones, and topography. In the 

IA, features such as interceptor drain systems, buried utility lines, and building foundation drains 

control groundwater flow. 

The lithologic and hydraulic characteristics of the LHSU cause it to act as a regional confining layer 

for the underlying Laramie-Fox Hills aquifer. The LHSU is a natural barrier to vertical groundwater 

flow and contaminant transport that effectively isolates impacted UHSU groundwater from deeper 

strata and the Laramie-Fox Hills aquifer (RMRS 1996a). At the IA the LHSU is estimated to 

measure at least 600 feet in thickness as shown in Figure 2-1 (modified from EG&G 1995a). By 

comparison, the average RCRA landfill is lined with only a few feet of similar material. These 

stratigraphic relationships, combined with an observed downward vertical hydraulic gradient, result 

in a LHSU groundwater flow regime that is predominantly vertically downward rather than 

horizontal. The available data from groundwater monitoring in the LHSU indicates that it is 

uncontaminated, with the exception of a few shallow LHSU wells with sporadic and, therefore 

suspect contaminant occurrences. t 

, 
The available hydrogeologic and geochemical data suggest that fractures and faults are not 

significant conduits for downward vertical groundwater flow to deep aquifers (RMRS 1996a). 

Evidence of limited shallow hydraulic communication between UHSU and LHSU groundwater was 
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found to exist in some wells, but these occurrences do not present a pattern consistent with known 

fault locations. Due to the thickness, lithology, and observed trend of decreasing hydraulic 

conductivity values with depth for the LHSU, it has been concluded that the LHSU has sufficient 

hydrologic integrity to provide long t e h  protection of the Laramie-Fox Hills aquifer from shallow 

groundwater contamination (RMRS 1996). The executive summary of the White Paper - Analysis of 

Vertical Contaminant Migration Potential - Final Report, RFER-96-004O.UN is presented in 

Appendix C and summarizes the hydrologic information used to reach the above conclusions. 
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3.0 ACTION LEVELS AND STANDARDS 

The RFCA Preamble was used as the basis for the action levels and standards developed by the 

Working Group. Protection of surface water quality is the primary basis for the cleanup andor 

management of contaminated subsurface soil and.groundwater at RFETS. Surface water, 

groundwater, and soil cleanup are interrelated, and the Working Group considered all three media in 

developing a sitewide strategy for RFETS. 

The Action Levels and Standards Framework for Surface Water, Ground Water, and Soils (July 19, 

1996) is attached as Appendix B. The following sections summarize the approaches delineated in 

this document for monitoring and remediating surface water, groundwater, and subsurface soils for 

the purpose of protecting surface water quality and ecological resources. 
< 

3.1 SURFACE WATER 
1 

Groundwater will be managed to protect surface water quality. During active remediation, surface 

water quality standards and surface water management activities will be different than those applied 

after remediation. The water quality standards will apply at points-of-compliance located at the 

outfalls of the terminal ponds and at the Site boundary. These values will also be used as action 

levels upstream from the terminal ponds at existing gauging stations. 

3.2 GROUNDWATER 

As stated in the RFCA Preamble, domestic use of groundwater at WETS will be prevented through 

institutional controls. Because no other human exposure to groundwater is foreseen, groundwater 

action levels are not based on human consumption or direct contact. Instead, action levels for 

groundwater have been selected to be protective of surface water quality and ecological resoukes. 

This framework for groundwater action levels is based on the conclusion that contaminated 

groundwater emerges as surface water before leaving RFETS. 
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3.2.1 Action Levels 

The Working Group has defined the action levels, for Volatile Organic Compounds (VOCs) only, 

based on Maximum Contaminant Levels (MCLs) established under the Safe Drinking Water Act (see 

Appendix B). MCLs are well-established and accepted values that have been used to guide cleanup 

at other contaminated sites. Where an MCL for a particular VOC contaminant is lacking, the 

c 

residential, ingestion-based Programmatic Risk-Based Preliminary Remediation Goal (PPRG)' value 

will apply. A two-tiered action level approach to groundwater cleanup and monitoring was t 

developed to protect surface water and identify areas of groundwater contamination potentially 

requiring cleanup. Tier I action levels consist of near-source action levels for accelerated clean-ups, 

and Tier I1 action levels'are protective of surface water quality. This approach is below. 

Tier I 

Tier I action levels were developed to identify potential cleanup targets in areas where VOC 

contamination of groundwater exceeds 100 times the MCL (100 x MCL). These action levels 

identify groundwater contaminant sources that present a higher potential risk to surface water quality 

that should potentially be addressed through an accelerated action. If Tier I action levels are 

exceeded, an evaluation is required to determine if remedial or management action is necessary to 

prevent the highly contaminated (Le., contaminant concentrations exceeding 100 x MCLs) 

groundwater from reaching surface water (the evaluation process is described in Section 4.1). If 

action is necessary, the type and location of the action will be delineated and implemented as an 

accelerated action. Additional contaminated groundwater that does not exceed the Tier I action 

levels may also need to be remediated or managed to protect surface water quality or ecological 

resources. The plume areas to be remediated and the cleanup levels or management methods used, 

will be determined on a case-by-case basis. 

t 

PPRGs were developed and approved by DOE, EPA, CDPHE, and EG&G to establish sitewide cleanup 
targets for environmental Contamination. 
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Tier I1  

The Tier I1 VOC action levels for surface water quality protection were developed to prevent ~ 

contaminated groundwater from reaching surface water. When Tier I1 action levels are exceeded at 

the designated Tier I1 wells, groundwater management actions are triggered. Tier I1 wells are located 

downgradient of existing plumes to detect the possible spread of the contaminant plumes. If 

concentrations in a Tier I1 well exceed MCLs during a regular sampling event, monthly sampling of 

that well will be required. Three consecutive monthly samples showing contaminant concentrations 

greater than Tier I1 action levels will trigger a groundwater action. These actions will be determined 

on a case-by-case basis and will be designed to treat, contain, manage, or mitigate the contaminant 

plume. Such actions will be incorporated into the Environmental Restoration Ranking and will be 

given weight according to measured or modeled impacts to surface water. 

The Tier I1 action levels will be applied only at certain wells as described in Section 3.2 of Appendix 

B. Table 3-1 presents the list of groundwater monitoring wells designated as Tier I1 monitoring 

locations. Figure 3-1 shows the location of Tier I1 monitoring wells relative to the composite VOC 

plumes as described in Section 4.2. Additional Tier I1 monitoring wells may be installed, if 

necessary. The results of groundwater sampling and analysis at these wells will be integrated with 

concurrent surface water data for the purpose of evaluating potential impacts to surface water. 

Table 3-1 Tier II Groundwater Monitoring Wells 

Well Number 
6586 
23 196 
23296 
75992 
0609 1 
23096 
10194 
1986 
10994 

Well Number 
P3 14289 
P3 13589 
7086 
10992 
1786 
1386 
10692 
4087 
B206989 
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Groundwater Monitoring 

Report, will soon be 

The document 

Monitoring Program Plan (GPMPP) (DOE 1993); and (2) the Groundwater Assessment Plan 

(GWAP) (DOE 1992a). The $ e f u m e n l w e s c r i b e # t  changes to the groundwater 

monitoring network. 
lMB 

, the sampling frequency, and 
tw 

The WvliW-will list the wells with their appropriate 

analyte suite, as well as describe data evaluation and reporting methodologies. The @4i@ will also 

reference other implementation plans and decision documents from which the requirements aie 

derived, and will be updated regularly as programmatic changes occur. 

SJMP 

Analyte suites, sampling frequency, and specific monitoring locations will be evaluated annually to 

adjust to changing conditions such as plume migration and increased understanding of contaminant 

distributions. The present groundwater monitoring network will continue to operate as recently 

modified by the Groundwater Monitoring Working Group, unless subsequent changes are agreed to 

by all parties. All groundwater monitoring data, as well as changes in hydrogeologic conditions and 

any exceedance of groundwater action levels, will be reported quarterly and summarized annually. 

All groundwater remedies, as well as some soil remedies, will require groundwater performance 

monitoring, The amount, frequency, and location of any performance monitoring will be based on 

the type of remedy implemented and will be determined on a case-by-case basis within the specific 

decision documents. 
1 
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Insert Figure 3- 1 

September 1996 3-5 



RF/ER-95-0121. Uh' 
Final Groundwater Conceptual Plan at the 

Rocky Flats Environmental Technology Site, Rev 2 

3.3 SUBSURFACE SOILS 

Action levels for VOCs in subsurface soils were developed to be protective of surface water through 

groundwater transport of leached contaminants. The VOC contaminant plumes in subsurface soil 

and groundwater have the most potential to impact surface water. However, to provide cleanup 

guidance, action levels for inorganics that may be of concern at WETS are currently under 

development in a manner consistent with that used for VOCs. 

L 

The soil VOC levels necessary to be protective of groundwater were calculated using a soiVwater 

partitioning equation and a calculated dilution factor (EPA 1994). The partitioning equation used 

chemical-specific parameters and site-specific subsurface media characteristics to determine the 

equilibrium partitioning of a given contaminant between the soil and groundwater. The dilution 

factor accounts for dilution up to the edge, of the source location. Using this approach, subsurface 

soil contaminant levels that would be protective of groundwater to 100 x MCLs were calculated and 

are presented in Appendix B. 
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4.0 GROUNDWATER CONTAMINANT PLUMES AND REMEDIATION 

4.1 IDENTIFICATION 

The VOC contaminated groundwater plumes at WETS have the most potential to impact surface 

water or to migrate offsite as the mobility of VOCs in groundwater far exceeds the mobility of 

metals and radionuclides. These plumes were defined on the basis of the exceedances of the Tier I1 

action levels and are shown on Figure 3- 1. Tier I action levels were compared against all 

groundwater data to locate areas of highly contaminated groundwater. These areas were plotted and 

are shown on Figure 4-1 along with proposed locations of the conceptual groundwater actions. 

The probable sources of the VOC contaminated groundwater plumes were identified using the 

available data and process knowledge. The flow diagram (see figure 4-2) describes the method used 

to locate the contaminant plumes and corresponding sources, and to determine which areas should be 

targeted for remedial action. 

There are six groundwater contaminant plumes identified where contaminant concentrations exceed 

Tier I action levels. In addition, there are several plumes and areas of interest where contaminant 

concentrations do not exceed Tier I action levels, or are of very limited extent, but that are of interest 

due their potential to impact surface water above RFCA action levels, or due to their contaminant 

concentrations. The groundwater contaminant plumes with VOC concentrations exceeding Tier I 

action levels are: (1) 881 Hillside Drum Storage Area Plume, (2) Mound Plume, (3) 903 Pad and 

Ryan’s Pit Plume, (4) Carbon Tetrachloride Spill Plume, ( 5 )  East Trenches Area Plume, and (6) IA 

Plume. Additional plumes discussed include those at the Present Landfill, Solar Ponds, and the 

Property Utilization and Disposal (PU&D) Yard. 

The 903 Pad and Ryan’s Pit Plume, the Mound Plume, and the East Trenches Plume are part of a 

large composite plume on the east side of WETS. Even though these contaminant plumes overlap, 

differing sources and flow paths make it effective to treat these parts of the large plume individually. 
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INSERT FIGURE 4-1 
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4.2 DESCRIPTIONS OF CONTAMINATED GROUNDWATER PLUMES 

The extent of contaminated groundwater plumes in WETS groundwater is not rapidly changing (see 

Section 2.0). The contaminated groundwater plumes are described below with much of the data 

derived from the relevant RFIM reports, data summaries, and the Hydrologic Characterization 

Report (EG&G, 1995). 

4.2.1 881 Hillside Drum Storage Area Plume 

The 881 Hillside Drum Storage Area (IHSS 119.1) was in use from 1968 to December 1971. 

Primarily empty drums and scrap metal were stored at this location. Some of the drums had 

previously contained solvents and other organic chemicals. Other drums may have contained 

solvents or other organic chemicals contaminated with plutonium as the hotspots removed in 1994 

from this location had elevated plutonium levels. 

The OU 1 88 1 Hillside is located on a south facing hillside that slopes downward from Building 88 1 

to Woman Creek. The 881 Hillside is crossed by the South Interceptor Ditch (SID) which was 

designed to intercept surface water flow from the plant. In 1992, a French Drain was installed across 

the 88 1 Hillside to intercept contaminated UHSU groundwater suspected to be flowing down the 88 1 

Hillside. A 3-ft-diameter recovery well was installed in an area of known contaminated groundwater 

to recover water containing high levels of dissolved VOCs. 

Here, groundwater occurs in the unconsolidated surficial materials. The surficial materials and 

underlying 5 to 25 feet of weathered claystone are 100 to 10,000 times more permeable than the 

underlying unweathered claystone. This significantly limits the flux of groundwater into and through 

the unweathered claystone (OU 1 CMSRS, 1995). 

Groundwater at the 881 Hillside does not exist within a continuous, homogenous, shallow aquifer 

system. The UHSU has a highly variable lithology and is not uniformly saturated across the Hillside. 

Large areas are dry, or contain water only in the Spring when water table elevations are typically the 

highest. Groundwater is typically found in disconnected northwest-southeast trending paleochannels 

cut into the bedrock surface where there is a thicker section of colluvium andor alluvium. Dfy areas 

appear to be coincident with bedrock highs and other areas with thinner sections of colluvium andor 
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alluvium. The bedrock topography and surficial deposit thickness can be used to extrapolate where 

groundwater flow may occur (OU 1 Phase I11 WIN, 1994). 

Recharge to the UHSU is primarily through precipitation, with minor seepage from the Rocky Flats 

Alluvium. Discharge is primarily from evapotranspiration due to the hot, dry climate, slow 

percolation rates, and is enhanced by the south facing slope of the Hillside. Discharge also occurs to 

the French Drain, the recovery well, and to surface water. Several small seeps are found along 

Woman Creek and along slump boundaries where UHSU groundwater intersects the surface. 

Aquifer tests estimate the average flow velocity at 70 feet per year near the 881 Hillside Drum 

Storage Area. Hydraulic conductivities of the surficial materials range from 3 x IO” to 2 x 

cm/sec. The transmissivity of the UHSU was calculated as 1.2 x 10 m /sec, approximately 100 
, 

-6 2 

t 

times less than what Driscoll(l989) considered sufficient to supply water for domestic or other low 

yield purposes. The volume of UHSU groundwater within the entire OU 1 88 1 Hillside Area was 

estimated at 5 acre-feet in April 1992. 

Groundwater data collected since the installation of the French Drain suggests that it is successful in 

collecting much of the UHSU groundwater. For example, the UHSU monitoring wells downgradient 

of the French Drain are generally dry, suggesting that the area has been dewatered (OU 1 Phase I11 

RFVRI, 1994). 

The 881 Hillside drum storage area (IHSS 119.1) is the site of historic releases of chlorinated VOCs 

to the environment from drums stored at this location. These releases have resulted in the 

contamination of shallow alluvial groundwater which has formed a small contaminant plume 

extending about 300 feet to the south-southeast down the 881 Hillside along a paleochannel incised 

into the underlying weathered claystone. Unconsolidated sediments on both sides of this plurpe are 

unsaturated. 

The source of the groundwater contamination was further characterized during the 1996 field 

program to obtain sufficient data to plan a source removal. The field investigation identified two 

potential source areas: one immediately east of the collection well and one 50 feet northwest of the 

collection well (figure a). The eastern source area underlies one of the radiological hot spots 
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removed in 1994. Both source areas could easily have been caused by leakage from individual 

drums (Identification and Delineation of Contaminant Source Areas for Excavation Design Purposes, 

IHSS 119.1, OU 1, April 1996). 

The contaminants in the plume which exceed Tier I concentrations are primarily carbon 

tetrachloride, 1,1 dichloroethene, tetrachloroethene, I ,  I ,  1 -trichloroethane and trichloroethene. Table 

A provides the range of concentrations in groundwater at this location. A small seep located south of 

IHSS 1 19.1 and downgradient of the French Drain along Woman Creek was sampled once ana this 

sample contained a trace amount of VOCs. It is not clear if the VOC concentrations in the seep 

water are related to the contaminant plume. 

The contaminated groundwater plume is upgradient of the French Drain and does not appear to be 

increasing in size. The recovery well is located within this plume and collects approximately 100 to 

150 gallons per day. This well appears to collect most of the contaminated groundwater originating 

from the contaminated groundwater plume. The French Drain remains in operation and continues to 

collect relatively uncontaminated groundwater which is treated at the Building 89 1 Consolidated 

Water Treatment Facility. The area immediately downgradient of the French Drain is unsaturated, 

indicating that the French Drain has dewatered much of the area. 

The preferred remedy for this plume is source removal which was mandated by the 1995 dispute 

resolution committee composed of DOE RFFO, EPA and CDPHE. A Record of Decision (ROD) is 

currently in progress which will establish a remedial action based on the Public Comments to the 

recommended alternative of source excavation presented in the Proposed Plan (DOE 1996). 

4.2.2 Mound Site Plume 

The Mound Site was used for as a disposal site for approximately 1,405 drums from April 1954 to 

September 1958. Drums contained depleted uranium, beryllium, lathe coolant (about 70% hydraulic 

oil and 30% carbon tetrachloride) and tetrachloroethene. Plutonium contaminated waste was also 

stored at this location, but plutonium levels were.below detection limits. After it was noted that 

some of the drums were leaking, the drums were removed along with visibly stained soil. In 

addition, radioactive soils were removed at later dates. 
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The OU2 Phase I1 RFI/RI investigation identified acetone, methylene chloride, tetrachloroethene, 

trichloroethene and cis- 1,3,-dichloropropene in the subsurface soils (OU 2 Phase I1 RFI/RI Rqport, 

1995). Characterization results indicate increasing concentrations of tetrachloroethene and 

trichloroethene to a depth of 20 feet and decreasing concentrations below that depth. The recent 

Mound investigation delineated the area of contamination as occurring near borehole 14295 and well 

1987, comprising approximately 400 cubic yards. (Mound Site Field Report September 1996) 

The Mound Site is located at the northern edge of the pediment where up to 12 feet of Rocky Flats 

Alluvium overlies fractured claystone of the Arapahoe Formation. The topography slopes steeply to 

the north away from the Mound Site towards the incised drainage of South Walnut Creek. The 

Arapahoe No. 1 Sandstone subcrops under the alluvium at the northwest comer of the Mound Site. 

This sandstone is truncated by the South Walnut Creek drainage and subcrops beneath the colluvium 

between the Mound Site and South Walnut Creek. 

In the vicinity of the Mound Site, the Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses or'beds. 

The hill slope below the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

Formation is covered with unconsolidated colluvium primarily composed of clay, or silty and/or 

sandy clay. Caliche is common in both alluvium and colluvium. On the slope, there are numerous 

slump features. 

Depth to groundwater is approximately 12 feet at the Mound Site (within the weathered bedrock), 

and unconsolidated materials are generally dry much of the year. Saturated alluvium occurs in 

bedrock lows and paleoscours in the top of the bedrock. The groundwater flow appears to be 

primarily along the bedrock surface and is probably controlled by small channels incised into the 

bedrock surface. Groundwater flows to the north through the No. 1 Sandstone until it subcrops 

beneath the colluvium, indicated by a line of seeps along the slope towards South Walnut Creek. 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x lo4 cm/sec. The 

geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x lo4 cm/sec. The ' 
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groundwater into the underlying unweathered claystone is limited. - Y  

Recharge occurs primarily through local infiltration of precipitation. The Central Avenue Ditch runs 

along the southern boundary of the Mound Site and probably also recharges the UHSU groundwater 

in this area. Discharge from the UHSU is mostly through seeps located where the water bearing 

units are truncated by the South Walnut Creek, and evapotranspiration. 

The groundwater contaminant plume is poorly defined, but it is suspected to extend northward from 

the former location of the Mound Site, to a point of discharge along the south bank of South Walnut 

Creek, upstream of the WETS Sewage Treatment Plant. Depending on the season, there may be 

many unsaturated areas within the plume. Dense nonaqueous phase liquids (DNAPLs) in the Mound 

Site area are suspected to be the source of the groundwater contamination. There is a possibility that 

Trench T- 1 could contribute to this plume; however, dry wells between the Trench T- 1 and the 

Mound Site indicate t 

plume. There is little 

Site is the primary source of the contaminated groundwater 

ion from VOC contamination at the 903 Pad as upgradient wells 
W in both the No. 1 Sandstone and alluvium contain 0 to 2 u d l  total VOCs. 

z 

Thirty-five VOCs were detected in the contaminated groundwater at the Mound Site. All except 

tetrachloroethene, trichloroethene, cis- 1 ,ZDichloroethene and vinyl chloride were below 100 ug/l. 

Tetrachloroethene was the predominant contaminant with the highest concentration of 13,000 ug/l 

found at the Mound Site. The maximum concentration of cis-172-DCE (214 ug/l) and trichloroethene 

(410 ug/l) was detected with the maximum tetrachloroethene value. Concentrations of these 

chemicals decrease towards South Walnut Creek. The maximum vinyl chloride conc$qtratio+-- ,) de ( I 
detected was 860 ug/l in a well along the South Walnut Creek drainageJ 

primary constituent. 

*e p84' * . .  . .  
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The contaminant plume is discharging through surface and subsurface seeps along the hillside, and 

along seeps on the south bank of South Walnut Creek. At seep SW059, groundwater containing low 

levels of VOCs with trace amounts of radionuclides discharges at a rate of 0.5 gallons per minute, or 

less. The seep is collected and treated at the Building 891 Combined Water Treatment Facility. 
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4.2.3 The 903 Pad and Ryan's Pit Plume 

This contaminant plume has two closely spaced sources: (1) VOCs associated with drums formerly 

stored at the 903 Storage Area, where the contents of the drums leaked into the subsurface and 

groundwater, and (2) Ryan's Pit where VOCs were disposed of in a trench. The 903 Pad was 

characterized as part of the OU 2 Phase I1 Resource Conservation and Recovery Act (RCRA) 

Facility Investigation/ Remedial Investigation (RFI/RI) (DOE 1995) and the following information 

was derived from that report. 1 

The 903 Pad area was used to store drums that contained radioactively contaminated oils and volatile 

organic compounds (VOCs) from the summer of 1958 to January 1967. Approximately three fourths 

of the drums contained plutonium-contaminated liquids while most of the remaining drums 

contained uranium-contaminated liquids. Of the drums containing plutonium, the liquid was 

primarily lathe coolant and carbon tetrachloride in varying proportions. Also stored in the drums 

were hydraulic oils, vacuum pump oils, trichloroethene, tetrachloroethene, silicone oils, and acetone 

still bottoms. 

Leaking drums were noted in 1964 during routine handling operations. The contents of the leaking 

drums were transferred to new drums, and the area was fenced to restrict access. When cleanup 

operations began in 1967, a total of 5,237 drums were at the drum storage site. Approximately 420 

drums leaked to some degree. Of these, an estimated 50 drums leaked their entire contents. The 

total amount of leaked material was estimated at around 5,000 gallons of contaminated liquid 
1 

containing approximately 86 grams of plutonium. From 1968 through 1969, some of the 

radiologically contaminated material was removed, the surrounding area was regraded, and much of 

the area was covered by clean road base and an asphalt cap. 

Ryan's Pit, previously referred to as Trench T-2, is located approximately 150 feet south of the 903 

Pad. The dimensions of the pit are approximately 20 feet long, 10 feet wide, and five feet deep. The 

Pit was used as a waste disposal site from 1969 and 197 1 for nonradioactive liquid chemical 

disposal. VOCs disposed at this location included tetrachloroethene, trichloroethene, and carbon 

tetrachloride. In addition to VOC disposal, paint thinner and small quantities of construction-related 
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chemicals may also have been placed in Ryan’s Pit. According to historical data, only the liquids 

themselves were put in the pit; their containers were either reused or disposed of in other areas. 

Materials placed in the Pit were supposedly screened for radionuclide activity prior to disposal. 

However, field investigations conducted in 1987 through 1993 do not substantiate this claim. The 

contaminated soils were removed from this site and treated during the 1995 removal action at Ryan’s 

Pit. Free phase tetrachloroethene and motor fuel constituents were found during this removal action. 

Free phase DNAPLs are also suspected to exist underneath the 903 Pad as high concentrations of 

VOCs are present in the groundwater (greater than 1% of the chemical’s solubility). 

The 903 Pad is located on the flat surface at the southern edge of the pediment. A south facing 

hillside slopes downward from the 903 Pad to the SID and Woman Creek. Ryan’s Pit is located on 

the hillside about 200 feet from the southern edge of the 903 Pad. In the 903 Pad area, the Rocky 

Flats Alluvium is 10 feet thick at the northwest corner of the Pad which is near a bedrock high, and 

25 feet thick at the southeast comer which is within a bedrock channel. The 903 Pad is paved with 

asphalt, and there is artificial fi l l  present under the 903 Pad and over a large area to the south and 

east of the Pad. The Rocky Flats Alluvium consists of beds and lenses of poorly to moderatel) 

sorted clayey and silty gravels and sands interbedded with clay and silty lenses or beds. 

The Rocky Flats Alluvium is truncated by erosion and does not extend to the Ryan’s Pit area. The 

Ryan’s Pit area surficial deposits consist of reworked Rocky Flats Alluvium that has been transported 

down slope, along with other clay-rich colluvium deposits and fill material. Surficial deposits 

consist of colluvium between one and eight feet thick which is primarily clay, and silty or sandy 

clay. Caliche is common in both the alluvium and colluvium. Groundwater at Ryan’s Pit is between 

3 to 10 feet below ground surface. On the slope, there are numerous slump features with a large 

scarp face located between the 903 Pad and Ryan’s Pit. 

Bedrock in the 903 Pad and Ryan’s Pit area is primarily composed of weathered claystone of the 

Arapahoe and Laramie Formations; In addition, the Arapahoe No. 1 Sandstone subcrops under the 

alluvium at the extreme northwest corner of the 903 Pad. This sandstone is continuous with the 

Arapahoe No. 1 Sandstone at the Mound Site, where it is truncated by the South Walnut Creek 

drainage. The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 
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cm/sec. The geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x 

cm/sec. The geometric mean for unweathered bedrock is 8 x 

underlying unweathered claystone is limited. 

cm/sec. Infiltration into the 

Groundwater flow is complex and is primarily controlled by bedrock surface features, interactions 

between geologic units, and variations in saturated thicknesses. Groundwater flow paths in alluvial 

materials in the 903 Pad and Ryan’s Pit area are relatively well-defined by contact seeps with the 

underlying bedrock materials and by numerous wells. However, groundwater flow through the 

hillside colluvium and bedrock is poorly understood. Areas of unsaturated colluvium are fairly 

common and prediction of local flow paths is difficult. Depending on the season, there may be many 

unsaturated areas within the plume. Discharge of contaminated groundwater has not been observed 

from the colluvium or weathered bedrock portion of this plume. 

A large bedrock low (paleoscour) extends from the 903 Pad east and passes directly south of the 

Northeast Trenches. This paleoscour is bounded by bedrock highs to the north and south. The 

paleoscour directs groundwater flow to the east till it is truncated by the South Walnut Creek 

drainage where alluvial groundwater discharges into the head of a well developed gully. 

Groundwater flow from the 903 Pad towards the SID and Woman Creek also occurs, either by 

overtopping of the lower, southern bedrock high, or through breaks in the bedrock high. During dry 

periods, the bedrock highs restrict alluvial groundwater flow to the south and north. During wet 

periods, when the alluvial groundwater levels are very high, flow may overtop these barriers, 

primarily to the south. 

Groundwater flow in the colluvium follows north-south trending small paleochannels cut into the 

underlying bedrock claystone. One narrow paleochannel, approximately 150 to 300 feet wide, 

extends from the 903 Pad south through the Ryan’s Pit area. The areas surrounding these 

paleochannels is unsaturated. The southern extent of groundwater flow is not well defined due to 

lack of well control. 

t 

Recharge is primarily from infiltration of precipitation along with some recharge from ditches and 

other surface water features. Wells located to the west of the 903 Pad are generally dry as alluvial 

groundwater inflow from the west is restricted by the claystone bedrock high just west of the 903 
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Pad. Unconsolidated materials within the medial portion of the paleoscour tend to be saturated, with 

the extent of saturation greatest during the Spring. Groundwater flow occurs through the No. 1 

Sandstone until it subcrops beneath the colluvium. Discharge is primarily to seeps located where the 

water bearing units are truncated by the South Walnut Creek drainage. All UHSU groundwater is 

discharged to seeps or into the colluvium. 

The 903 Pad and Ryan’s Pit Plume is defined as the lobe of contaminated groundwater that flows 

southward from these two source areas. This plume flows southward toward the SID and Woman 

Creek drainage. The lobe of contaminated groundwater which flows eastward from the 903 Pad is 

addressed as part of the East Trenches Plume. 

< 

Contaminated groundwater in the 903 Pad and Ryan’s Pit area is primarily confined to the alluvium 

and colluvium. Total VOC concentrations for the Arapahoe No. 1 Sandstone are approximately 

2,500 ug/l adjacent to the west edge of the 903 Pad with concentrations at other locations less than 2 

ug/l or non-detects. Fifty-seven VOCs were detected in UHSU groundwater for this plume. 

However, the primary contaminants are carbon tetrachloride, tetrachloroethene, and trichloroethene. 

The southern component of the contaminant plume derived from the 903 Pad contains total VOCs in 

the 5,000 ug/l range near the Pad, diminishing to 1,500 to 2,000 ug/l range upgradient of Ryan’s Pit. 

Downgradient of Ryan’s Pit, the total VOC concentration in groundwater ranges from 57,000 ug/l 

near the Pit to 5 ug/l near the distal end of the plume. The total VOC concentration in contaminated 

groundwater from the 903 Pad which does not also flow through the Ryan’s Pit source is also{ 

estimated at 5 ug/l when it nears Woman Creek drainage. 

. 

The highest concentrations of many VOC contaminants in the former OU 2 area are located within 

this plume. The highest concentration of tetrachloroethene (1 50,000 ug/l) was detected immediately 

downgradient of Ryan’s Pit and occurred with 1,l-dichloroethene at 380 ug/l. A well installed 

through the center of the 903 Pad contained concentrations of carbon tetrachloride in groundwater at 

20,000 ug/l, chloroform at 39,000 ug/l and methylene chloride at 35,000 ug/l. A well installed 

though the northeast corner of the Pad detected tetrachloroethene at 14,000 ug/l. The highest 

concentrations of VOCs in groundwater are near the 903 Pad and Ryan’s Pit sources, although wells 

with VOC concentrations exceeding Tier I levels have been observed within the plume away from 

these sources. 
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Contaminated groundwater containing tetrachloroethene and trichloroethene may eventually enter 

the South Interceptor Ditch and Woman Creek surface water pathways if no actions are taken to 

manage this plume. Discharge of contaminated groundwater into Woman Creek would pose a 

potential risk to the environment. Collection and treatment of contaminated groundwater from the 

903 Pad and Ryan's Pit plume will reduce the risk to the environment posed by uncontrolled releases 

< 

The Carbon Tetrachloride Spill (IHSS 1 18.1) is located due north of Building 776 and east of 

Building 730. While there are other IHSSs that overlap IHSS 118.1, (IHSSs 121-Tank 9, 121-Tank 

10, 131, and 144[N]), the contamination in the area is primarily related to the carbon tetrachloride 

spills. bf& \ (9% Ghoc+lc( ke6.r'- Y" 3 J 
l-ks O X %  c & s C ; u  

IHSS 1 18.1 is the site where an underground, 5,000-gallon, carbon tetrachloride steel storage tank 

and the associated piping were formerly located. The tank was installed prior to 1970, and probably 

began leaking shortly after installation. Numerous spills occurred before 1970, some between 100 to 

200 gallons (HRR DOE 1992b). The tank ultimately failed in June 1981, releasing carbon 

tetrachloride into the containment structure. The carbon tetrachloride was pumped from the 

containment structure to the surrounding ground surface, and the tank was removed along with a 

limited amount of soil surrounding the tank. The surrounding concrete containment structure was 

probably removed at this time also, but this has not been verified. 

< 

The surrounding area has numerous underground and overhead utilities and structures. These 

include clay sanitary sewer lines, electrical lines, tunnels between buildings, process waste lines and 

process waste tanks. Immediately east and partially overlapping this site is a group of four process 

waste tanks oriented east-west, tank groups T-9 and T- 10. T-9 consists of two 22,500 gallon 

underground concrete storage tanks. T- 10 consists of two 4,500 gallon concrete underground tanks. 

Both sets of tanks were installed in 1955, but are no longer used as process waste tanks. T-9 is 

currently being ut.ilized as plenum deluge catch tanks for Building 776. No releases from either set 

has been documented (OU 9 data summary 1995). 

( so September I996 4-13 



RF/ER-95-i)121. UN 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

Due to past construction activities in this area, the material overlying the claystone bedrock is 

predominantly f i l l  material, probably derived from the Rocky Flats Alluvium, along with some 

remaining undisturbed Rocky Flats Alluvium. The Rocky Flats Alluvium consists of unconsolidated 

gravels, sands and clays with discontinuous lenses of clay silt and sand. The geometric mean for the 

hydraulic conductivity of the Rocky Flats Alluvium is 2.06 x lo4 cm/sec. 

The recent IA investigation found free product in the subsurface soil and groundwater related to 

IHSS 118.1. All four of the soil borings drilled around T-9 and T-10 intercepted free-phase carbon 

tetrachloride (OU 9 data summary 1995). When a water sample was collected at this location, the 

liquid separated into two distinct phases. Other VOCs may be present, but the high concentrations of 

carbon tetrachloride may mask their detection. The top of bedrock surface prior to construction of 

Building 771 sloped to the northeast. Excavation during construction of this building altered this 

surface as the claystone surface was found 10 feet or more below where it was expected during the 

recent field investigations. Excavation may have either increased the slope of the bedrock surface, or 

created a bedrock low closed by the building. The bedrock in this area is claystone which limits 

vertical migration of the carbon tetrachloride. As carbon tetrachloride sinks to the lowest possible 

depth, the bedrock surface, building footing drains, and subsurface structxes probably control the 

t 

extent of the free-product plume and much of the dissolved phase portion of the contaminated 

groundwater plume. 

Groundwater flow in this area is to the northeast towards Buildings 771 and 774 where there are 

known footing drains. Buildings 701 and 730 are not believed to have subsurface structures. 

Monitoring wells in the area contain carbon tetrachloride in the groundwater which indicates that a 

dissolved plume is present in the groundwater. This contaminated groundwater plume may 
~ 

eventually reach the North Walnut Creek drainage, especially after removal of the surrounding 

buildings. 

Carbon tetrachloride and trichloroethene concentrations have been detected in a downgradient well 

completed in the Arapahoe No. 1 Sandstone at the western edge of the Solar Ponds, due east of IHSS 

118.1. Carbon tetrachloride concentrations range from approximately 1,000 to 21,000 ug/l and the 

trichloroethene concentrations range from 2,000 to 8,000 ug/l. The concentrations fluctuate greatly 
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over time, but there is a general decreasing trend. The carbon tetrachloride spill is believed to be the 

source of this contamination and these contaminants indicate that there is some eastward movement 

of the dissolved phase of the plume. The decreasing trend over time may be a result of the VOCs in 

the vadose zone at the time of the spill, and settling to the bedrock surface, less in contact with 

groundwater over time. 

The Solar Ponds area is in hydraulic connection with subcropping Arapahoe No. 1 Sandstone ,which 

could act as a conduit for the dissolved phase carbon tetrachloride plume. However, this sandstone is 

not known to subcrop or outcrop in drainages, and it appears that the risk to surface water is minimal. 
c - 
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4.2.5 East Trenches Plume 
B 

A large plume of contaminated groundwater is located in the East Trenches area, primarily 

associated with the trenches on the north side of the East Access Road. These trenches are known as 

the Northeast Trenches and include Trenches T-3, T-4, T-10 and T-1 1. Upgradient wells indicate a 

component of the contaminated groundwater in this area is derived from the VOC contamination in 

the 903 Pad (see section 4.2.3). However, the VOC concentrations in groundwater increase over 100 

times after the groundwater passes through Trenches T-3 (IHSS 1 10) and T-4 (IHSS 1 1 1. l), 

indicating a VOC source is present. 

Trench T-3 is located approximately 300 feet north of the East Access Road and immediately west of 

Trench T-4. Trench T-3 is approximately 134 feet long, 20 feet wide and 10 feet deep (HRR). 

Trench T-4 is approximately 110 feet long, 15 feet wide, and 10 feet deep (Trenches and Mound Site 

Characterization Report, RF/ER-96-0O044.UN7 RMRS 1996). The trenches were reportedly used 

sometime between 1954 to 1968 for disposal of sanitary sewage sludge, potentially contaminated 

.with uranium and plutonium, and flattened empty drums contaminated with uranium. The trenches 

are also known to contain DNAPLs, crushed drums, and other miscellaneous waste. Activities of the 

trench material are below the RFETS soil put-back levels. 

1 

Trench T-3 and T-4 are located at the northern edge of the pediment where up to 18 feet of Rocky 

Flats Alluvium overlies fractured claystone and the No. 1 Sandstone of the Arapahoe Formation. 

Beyond the pediment boundary, the topography slopes steeply to the north towards South Walnut 
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Creek. Both the alluvium and the Arapahoe No. 1 Sandstone are truncated by the South Walnut 

Creek drainage. 
4 

The unconsolidated surficial deposits consist of the Rocky Flats Alluvium and artificial fill in the 

trenches and are generally dry. The Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses or beds. 

Thickness of the alluvium is approximately 18 feet at Trench T-4 and 16 feet at Trench T-3. Below 

the outcrop of the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

Formation, the slope is covered with unconsolidated colluvium primarily composed of clay, or silty 

and sandy clay. Caliche is common in both alluvium and colluvium. On the slope, there are 

numerous slump features. 

Underlying the alluvium to the north of the trenches is the continuation of the claystone bedrock high 

from the 903 Pad area. The center of the associated paleoscour runs beneath Trenches T- 1 1 and T- 

10 to the south of Trenches T-3 and T-4. This feature directs the surficial groundwater flow to the 

east, away from South Walnut Creek. However, the Arapahoe No. 1 Sandstone subcrops beneath the 

eastern portion of trench T-3 and most of Trench T-4. This fluvial sandstone is incised into the 

surrounding bedrock claystone and consists of sandstone, clayey sandstone, and silty sandstone. The 

channel of the Arapahoe Formation No. 1 Sandstone is approximately 40 feet thick and mostly 

saturated. Groundwater flow is generally unconfined, and flow within the channel is northward 

towards South Walnut Creek (EG&G 199%). The sandstone subcrops beneath the colluvium 

between the trenches and South Walnut Creek at a spring and seep complex. 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 1 0-4 cm/sec. The 

geometric mean for the Arapahoe No. 1 Sandstone hydraulic conductivity is 7 x 

geometric mean for unweathered bedrock is 8 x IO-' cm/sec. Infiltration into the underlying 

unweathered claystone is limited. 

cm/sec and the 

Recharge of the Rocky Flats Alluvium is primarily through infiltration of precipitation, and 

upgradient flow from within the paleoscour. Recharge to the No. 1 Sandstone is from infiltration of 

precipitation through the surficial deposits, and some flow from upgradient. Discharge is primarily 

4 
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to seeps and springs located where the water bearing units are truncated by South Walnut Creek, and 

by evapotranspiration. 

Contaminated groundwater occurs in the alluvium and in the No. 1 Sandstone that is in hydraulic 

connection with the alluvium. While 27 VOCs were detected within the UHSU groundwater, the 

majority were detected at concentrations below 100 ug/l. The major contaminants are 

trichloroethene (maximum value of 94,000 @I), carbon tetrachloride (maximum value of 4,500 

ug/l), and tetrachloroethene (maximum value of 1,000 ugh). During the Soil Vapor Extraction Pilot 

Test Project, stratified water/NAPL samples were collected and analyzed from Trench T-3. 

Extremely high levels of VOCs were recorded, up to 37,000,000 ug/l for tetrachloroethene along 

with semivolatiles, petroleum compounds, and uranium-238 at concentrations up to 3,240 pCi/g (OU 

2 Phase I1 RFI/RI, October 1995). In addition, during drilling activities, tetrachloroethene and 

trichloroethene were detected at concentrations of 12,000 and 1,000 ugkg in Trench T-4. 

The downgradient boundary of the contaminant plume is located at a spring and seep complex on the 

south bank of South Walnut Creek, above Ponds B- 1 and B-2, where the No. 1 Sandstone subcrops. 

Concentrations of VOCs above 100 x MCLs have been detected by a recent sampling program 

conducted at the seep complex. There are potential ecological impacts because water from the 

contaminant plume containing tetrachloroethene and trichloroethene has reached South Walnut 

Creek. If concentrations in the seep complex increase over time, a greater contaminant mass may 

reach surface water. 

A lobe of this contaminant plume extends to the east of the East Trenches area along the paleoscour 

cut into the bedrock surface. However, contaminated groundwater has not reached surface water. 

Uncontaminated alluvial groundwater discharges downgradient of this lobe as seeps in an unnamed 

tributary drainage to South Walnut Creek. This groundwater will continue to be monitored ehsure 

that contaminated groundwater from this lobe does not impact surface water. 

4.2.6 IA Plume 

Several sources in  the IA contribute trichloroethene, tetrachloroethene, and carbon tetrachloride to 

the contaminated groundwater plume in the IA. The plume is defined based on a small number of 
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I wells, and is thought to be principally confined to the east central side of the plant. It is not clear 

whether it is a large coalesced plume, or discrete areas of contaminated groundwater closely 

associated with individual source areas. The contaminated groundwater plume is outside of the 

fenced portion of the protected area (PA) and extends downgradient towards the central portion of 

the IA. Primary contaminant sources are described below. 

I 

IHSSs 117.1 was used as a general storage yard from before 1959 to the early 1970s and is lohated 

northeast of Building 5 5  1 (DOE, 1992b). The IA field investigations found elevated levels of 

tetrachloroethene (2,200 ug/l) during the soil gas survey, with less than 20 ug/l concentrations of 

trichloroethene and carbon tetrachloride and cis- 1,2-dichIoroethene. Elevated benzene, toluene, 

ethylbenzene and xylene (BTEX) levels are present in the southwest edge of the IHSS (OU 13 data 

summary). 

IHSS 117.2, located east of Building 55 1, was used as a chemical storage site from prior to 1971 

until approximately 1988. This site was used to store acids, oils, soaps, solvents, and beryllium-scrap 

metal. Minor leaks and spills occurred. (HRR) The IA field investigations have determined the 

presence of elevated levels of 1,l-dichlorethene (2,700 ug/l) along with concentrations above 100 

ug/l for vinyl chloride, cis- 1,2 dichloroethene, trans- 1,2-dichIoroethene, trichloroethene, and 

tetrachloroethene. Elevated concentrations of BTEX are also present (OU 13 data summary). 

< 

There have been numerous carbon tetrachloride spills within Building 776, and under building 

contamination is suspected. This building may be the source of downgradient low level 

concentrations of carbon tetrachloride in groundwater. 

The IHSS 157.1 is adjacent to the Building 442 Laundry. Very low level concentrations (below 5 

ug/l) of tetrachloroethene (PCE) were detected at this location (OU13 data summary). 

IHSS 158 is an area where waste boxes were staged and loaded onto rail cars. This area is 

considered a radioactive site, and is located north of Building 55 1. Soil gas surveys found 

concentrations above 100 ug/l for vinyl chloride, toluene, and BTEX at this location (OU13 data 

summary). 
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IHSS 160 is a parking lot on the west side of Building 444. Drummed and boxed waste were stored 

at this location prior to paving, and leaked (HRR). The soil gas survey detected tetrachloroetbene at 

99 ug/l at this location. Concentrations less than 10 ug/l each of toluene, acetone, and benzene are 

also present (OU 14 Data Summary 1995). 

IHSS 171 is a training area for fire department personnel. In the past, diesel, gasoline and possibly 

waste solvents were ignited for fire fighting training purposes. The area is currently in use, and a 

metal tree is used for burning propane for training. Large volumes of water are used during training 

which tends to accelerate migration of any contaminant plume. As expected, large concentrations of 

BTEX are present in the subsurface soils. Soil gas samples do not indicate high concentrations of 

VOCs. However, during drilling of a geoprobe hole in this IHSS, the rod came up coated with a 

brown liquid. Unfortunately, a sample could not be collected for analysis. It is possible that free 

product VOC does exist at this location (OU 13 data summary). 

The hydrogeology of the IA has not been as extensively studied as other areas at RFETS. The 

Hydrogeologic Characterization Report (EG&G 1995) was the primary source for the followihg 

hydrogeologic information. The IA is located on a pediment capped by the Rocky Flats Alluvium. 

The pediment has been eroded at the sides to expose the underlying claystone of the Arapahoe and 

Laramie Formations. The Rocky Flats Alluvium consists of unconsolidated gravels, sands and clays 

with discontinuous lenses of clay silt and sand. Fill material is abundant and usually consists of 

reworked Rocky Flats Alluvium. The geometric mean for the hydraulic conductivity of the Rocky 

Flats Alluvium is 2.06 x cm/sec. 

Groundwater occurs under unconfined conditions and flow is generally controlled by the topography 

of the underlying bedrock surface. Groundwater flow direction in the IA is generally eastward, with 

groundwater in the northern sections flowing to the northeast. Several building footing drain 

systems locally impact groundwater flow. Small bedrock channels are known to occur which direct 

the groundwater flow. 

1 

The IA groundwater plume is greatly influenced by the RFETS infrastructure. Groundwater 

recharge in the IA is from upgradient flow, infiltration of precipitation and substantial water losses 
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from sewers and water-supply pipelines. Reduction of recharge from these sources could 

significantly reduce the potential for contaminant migration in the subsurface. 

The saturated thickness in the IA is typically 5 feet or less, with the greatest saturated thicknesses in 

the western part of the IA, decreasing to less than 5 feet in the eastern half of the IA. There are many 

unsaturated zones, particularly in the eastern half of the IA. These unsaturated areas are controlled 

by the bedrock, with bedrock highs generally dry. The decrease in saturated thickness in the eastern 

half of the IA may be caused by impermeable areas, such as parking lots and buildings, which 

greatly limit infiltration. Approximately 190 of 438 acres within the IA are covered by impermeable 

material. As a result, a greater amount of storm water runoff is channeled to permeable areas and 

may account for the large variations in saturated thickness. 
i 

1 

Discharge from the IA is probably primarily to building footing drains, engineered structures such as 

the OU 1 French Drain and the Solar Ponds Interceptor Trench System, and potentially to seeps at 

the boundary of the IA. Both the Interceptor Trench and OU 1 French Drain have removed sufficient 

water from the surficial deposits to cause these to be locally unsaturated. Infiltration of groundwater 

into the underlying bedrock is generally limited due to the low hydraulic conductivity of the 

unweathered bedrock. 

The IA groundwater contaminant plume extent is also controlled by interception of the plume by 

building footing drains and by the increased permeability and hydraulic conductivity through buried 

utility corridors. Full understanding of the migration of this plume depends on knowing how the 

various buildings, utility corridors, and sources interact. Unfortunately, there is insufficient 

knowledge of these factors to completely determine the configuration of this plume. 
1 

Figure X shows the average concentrations of VOC contaminants in the groundwater wells, and the 

probable contaminant sources. Treatment of contaminated groundwater within the IA does not 

appear to be necessary to protect surface water, because of the limited potential for migration. 

However, ongoing monitoring and evaluation of the groundwater will continue, to detect any 

possible movement or expansion of the plume. Groundwater remedial actions may become 

necessary if the contaminant plumes expand, migrate significantly or become a threat to surface 

water. Actions such as removal of buildings, removal of subsurface structures, and placing 
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impermeable caps over areas must be examined to determine whether these will increase the 

movement of the contaminated groundwater plume. Controls may be required if increased 

groundwater contaminant plume movement results from these actions. 

4.2.7 Additional Plumes and Areas of Contaminated Groundwater 

There are several areas where there are sporadic occurrences of VOC contaminated groundwqter, or 

where there are contaminant plumes with VOC concentrations less than 100 x MCLs. Contaminant 

plumes in the Present Landfill and Solar Ponds groundwater do not contain VOC concentrations 

greater than 100 x MCLs. However, these plumes are of interest because they are associated with 

RCRA units. In addition, a widespread but diffuse VOC plume is located near the PU&D Yard west 

of the Present Landfill. The setting and status of many of these plumes and occurrences are 

discussed below. . 

Present Landfill Plume 

Operation of the Present Landfill (IHSS 1 14) for disposal of nonradioactive solid waste began in 

1968 and will continue until the new landfill opens, or another method of waste disposal is available. 

The landfill covers an area of approximately 27 acres. The total volume of landfill material is 

approximately 4 15,000 cubic yards and consists of approximately 29 1,000 cubic yards of waste and 

124,000 cubic yards of daily soil cover. < 

Elevated tritium and strontium concentrations were detected in leachate draining from the landfill in 

1973. To control the migration, interim response actions were taken. Interim response activities 

included construction of a surface-water diversion ditch around the perimeter of the landfill, two 

detention ponds immediately east of the landfill (West Landfill Pond and East Landfill Pond), a 

subsurface intercept system for diverting groundwater around the landfill and a subsurface leachate 

collection system. Between 1977 and 198 I ,  the leachate collection and groundwater intercept 

system was buried beneath waste during landfill expansion. The lateral expansion of waste 

placement resulted in  waste being located beyond the extent of the subsurface drains to the north and 

south. In 1982, two soil bentonite slurry walls were constructed to prevent groundwater migration 

into the expanded landfill area. 
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Leachate is a product of natural biodegradation, infiltration, precipitation, and migration of 

groundwater through waste. Approximately 5,756,000 gallons of leachate are present in landfill 

debris within the intercept system and above the unweathered claystone bedrock which is considered 

the underlying confining unit. The saturated thickness of surficial materials is greatest near the 

center of the landfill which suggests that recharge may be occurring by groundwater flow under or 
through the north groundwater intercept system (figure 4.2.7- 1). Groundwater inflow may be 

occurring where the groundwater intercept system is not keyed into bedrock. Although an area of 
the south slurry wall is also not keyed into bedrock, well data indicates that it is effective in diverting 

groundwater. 

During the Phase I.RIRFI investigation, 3 8 discrete groundwater samples were taken. In addition, 

1990-1993 monitoring well data from 52 wells were used as the basis for determination of 

preliminary contaminants of concern. Groundwater in the UHSU at OU 7 contained metals, 

radionuclides, organic constituents and nitrates at concentrations higher than background (EG&G 

1994). 

The highest concentration of chlorinated hydrocarbons occurred in groundwater upgradient of the 

landfill. VOC contamination upgradient is composed entirely of chlorinated hydrocarbons. In 

contrast, average BTEX concentrations were highest in leachate collected from within the landfill. 

The BTEX compounds were not detected in upgradient groundwater. Different types of VOC 

contamination are presented within the landfill and upgradient (southwest) of the landfill, suggesting 

that a distinct source of VOC contamination is present upgradient of the landfill. 

Two separate groundwater plumes exist in the vicinity of OU 7. The plume from the landfill source 

is located west of the landfill and is migrating down the No Name Gulch drainage. A second plume 

from an unknown source upgradient of the landfill is located in the groundwater south of the current 

landfill. The second plume is diverted around the southern slurry wall and then possibly migrates to 

the No Name Gulch drainage and/or Walnut Creek. A groundwater divide is located approximately 

500 feet south of the southern slurry wall. Antimony, iron, manganese, tritium, uranium-238, 

chloromethane, ethylbenzene, and vinyl chloride concentrations in the groundwater exceed the 

Groundwater Tier I1 Action Levels. Because of the proximity to No Name Gulch, monitoring and 

further evaluation is required. < 
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The Solar Evaporation Ponds (SEPs) consists of five surface water impoundments. From 1953 to 

1986, these were used to store and evaporate radioactive process wastes and neutralized acidic 

process wastes containing high levels of nitrate and aluminum hydroxide. The materials placed into 

the SEPs included radioactively contaminated aluminum scrap metal, alcohol wash solutions, drums 

of waste radiography solutions, leachate from the Present Landfill, treated sanitary effluent, 

groundwater intercepted from the Interceptor Trench System (ITS), salt water solutions, wash water 

from the decontamination of production personnel, cyanide wastes, acid wastes and miscellaneous 

other compounds (OU 4 Proposed IMRA-EA Decision Document, February 10, 1995). Removal of 

pond sludge began in June 1985 and was completed for all SEPs by January 1995. 2 

The SEPs are on the eastern boundary of the pediment capped by the Rocky Flats Alluvium. 

Streams have eroded the pediment to the north and south with topographic relief of 50 to 100 feet. 

Much of the surficial deposits have been disturbed by construction of the SEPs, the ITS, nearby 

buildings and other infrastructure, however, borehole logs suggest that undisturbed Rocky Flats 

Alluvium often occurs below the disturbed ground. 

Thickness of the unconsolidated material ranges from 0 to 25 feet, and averages about 10 feet. The 

Rocky Flats Alluvium overlies over the erosional bedrock surface and consist of poorly to 

moderately sorted gravel, sand, silt and clay with boulder to pebble size clasts derived from the 

nearby Front Range. Artificial f i l l  was used as for road grade fill, berm construction, recontouring 

around engineered structures, and to fil l  in lows for the surface impoundments. Fill consisted of 

reworked Rocky Flats Alluvium with imported offsite materials including crushed rock, plus sandy 

clay and gravel with fragments of concrete rubble. The Arapahoe Formation unconformably 

underlies the Rocky Flats Alluvium and fill materials. Claystone is the predominant subcropping 

lithology, but the No. 1 Sandstone subcrops in the vicinity of South Walnut Creek. 

< 

The shallow, unconfined groundwater occurs in unconsolidated surficial material and fractures in the 

underlying bedrock and the potentiometric surface generally mimics the surface topography. 

General flow direction is to the northeast under the SEPs. A bedrock high trending east west under 

the SEPs diverts the northern flow to the north-northeast towards North Walnut Creek, and the 
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southern flow to the east-southeast towards South Walnut Creek. Unsaturated areas are present over 

a large part of the area, in part due to the ITS. However, unsaturated areas to the south and east are 

not impacted by the ITS. The saturated thickness varies from 0 to 5 feet over most of the area, and is 

thinner along topographic highs, or on slopes where there are thin alluvium or colluvium deposits. 

Along North and South Walnut Creek, the saturated interval can be as much as 10 feet thick. 

Hydraulic conductivity for the Rocky Flats Alluvium in this area is around lo-’ cm/sec. No data 

were given for the fill material. The hydraulic conductivities for the subcropping bedrock claystone 

ranges from lo-’ to lo-’ cm/sec. The hydraulic conductivities for the subcropping bedrock sandstone 

ranges from lo-’ to cm/sec (OU 4 Solar Evaporation Ponds Phase I1 Ground Water Investigation 

Final Field Program Report DOE February 1996). . 

There is a large UHSU nitrate plume that extends north and east from the Solar Ponds to the North 

Walnut Creek drainage above Pond A-1. A lobe of this nitrate plume extends to the southwest for a 

short distance. While the primary nitrate source has been removed for several years, this contaminant 

plume still contains nitrates at concentrations above 100 x MCLs. However, nitrate concentrations 

within the plume are decreasing with time. The Interceptor Trench System (ITS) was installed to 

intercept contaminants and capture the nitrate plume and was replumbed in 1993 to increase its 

effectiveness. The ITS captures approximately 2.7 million gallons of water per year, but is not 

entirely effective in preventing nitrate contamination from impacting the North Walnut Creek2 

drainage (DOE 1994). 

VOC concentrations are present in the groundwater at the western edge of the Solar Ponds Area. 

These are most likely related to the carbon tetrachloride spill from IHSS 118.1 discussed earlier. 

Carbon tetrachloride is present at well P2 10 189, completed in the 4 feet of silty sandstone believed 

to be the Arapahoe No. 1 Sandstone, at concentrations of 4,700 ug/l , tetrachloroethene at 198 1 ug/l 

and trichloroethene at 2,200 ug/l. The extent of the contaminatipn in the sandstone is unknown due 

to lack of well control. However, the other wells completed in this sandstone in the Solar Ponds area 

l 

‘l do not contain VOC contaminated groundwater. This sandstone does not appear to subcrop in the 

North Walnut drainage, and therefore does not provide a pathway to surface water. Uranium is also 

found in the Solar Ponds contaminated groundwater plume. 
- - 
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The PU&D Yard has been used since 1974 to store drums, cargo boxes and dumpsters. The PU&D 

Yard is located northwest of the industrial area in an area approximately 225 feet by 830 feet. 

Materials known to have been stored there include spent batteries, metal shavings coated with lathe 

coolant, and drums of spent solvents such as paint thinners and waste oils. Drummed hazardous 

material was also transferred in this area. Contamination exists from historical spills associated with 

past hazardous material transfer operations and storage at the site. Releases of battery acids and 

leaks from dumpsters and drums of spent solvents and waste oils have been reported. 

The PU&D storage yard is underlain by the Rocky Flats alluvium which is approximately 25-30 feet 

thick in the vicinity. The alluvium is underlain by Arapahoe Formation claystone. Groundwater in 

this area flows to the east through the UHSU materials mimicking the surface topography. 

Recent soil gas investigations have verified the presence of volatile organic 

zone, concentrated just outside the east and northern boundary of the 

metals, and radionuclides have also been detected in surface soils (OU 10 data summary). However, 

subsurface investigations of the soil and groundwater have not been conducted. 

An area of poorly defined, contaminated groundwater, with VOC concentrations slightly above the 

MCLs, is located downgradient of the PU&D Yard, and upgradient and to the south of the Present 

Landfill. Further investigation is required to identify the source or determine whether there is an 

impact to surface water quality. 

Other 881 Hillside Groundwater Contamination 

There are several one-time detects of VOCs in groundwater along the 88 1 Hillside. These do not 

seem to be related to a source, and may be more related to the problems of detecting very low levels 

of VOCs. I n  addition, there are two areas where contaminated groundwater has been,identified, but 

where no action is required. Immediately adjacent to Building 881, there are sporadic detects of low 
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concentrations of chlorinated solvents in groundwater. This suggests that several, small point 

sources may exist in this area related to building operations. 

The UHSU monitoring wells within the IHSS 119.2 drum storage area are dry or do not detect 

VOCs. However, there are infrequent detects of VOCs in groundwater sampled from two wells 

located within the drainage downgradient from IHSS 119.2. The source of these sporadic VOC 

detections may be the volatile plume derived from the 903 Pad. 

In addition to the VOC contamination, the 881 Hillside groundwater contains selenium and 

vanadium at above background levels. Neither of these elements is a documented N E T S  waste, nor 

requires remedial action to protect surface water. 
2 

Old Landfill Groundwater Contamination 

The Old Landfill was in operation from 1952 to 1968 and was used to dispose of around 2 million 

cubic feet of miscellaneous WETS waste. Accurate and verifiable records of the material placed 

into this landfill are not available, but all of the waste material was considered non-hazardous at the 

time. However, paint, solvents, paint thinners, oil, pesticides, and cleaning agents were placed in the 

landfill as these were not considered hazardous in 1968. The landfill also received some beryllium, 

depleted uranium, and used graphite. The Old Landfill does not have a liner, but the underlying 

unweathered claystone has a permeability of 

cover sometime after 1968 and prior to 1980 (OU5 Phase I W I N  Report, April 1996). 

to cdsec.  The landfill was closed with a soil 

Groundwater occurs i n  the surficial deposits, primarily in  the landfill material and alluvium. 

number of groundwater samples were collected during the OU5 W I N  investigation from wells, 

hydropunch samples from boreholes, and one-time samples from well points. The groundwater 

COCs identified by the OU 5 risk assessment for the Old Landfill are barium, manganese and 

radium, however, these do not correlate well with the waste disposed at this site. There are two 

small areas of VOC contaminated groundwater in the Old Landfill area. One area is associated with 

subsurface soil gas anomalies, and the other area is upgradient of the Old Landfill, probably related 

to the IA plume (section 4.2.6). 

large 
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The OU5 RFI/RI soil gas investigation (DOE 1996) located two, small, subsurface soil anomalies at 

the Old Landfill. One area is approximately 50 feet by 50 feet with trichloroethene and l , l , l-  

trichloroethene, and the other is about 64 feet by 64 feet with tetrachloroethene and trichloroethene. 

Trichloroethene (maximum concentration of 19 ug/l) is sporadically detected in groundwater at one 

of the wells associated with the larger anomaly. There are no VOCs in groundwater associated with 

the other anomaly. 

One well upgradient of the Old Landfill (P416789) has had three historical detects of TCE. This 

well is probably detecting contaminated groundwater from the Industrial Area Plume. Seep samples 

from a location immediately downgradient of this well also contained trace amounts of VOCs. 

Walnut Creek Drainage Groundwater Contamination 

There are several wells in the area of the OU 6 trenches (IHSSs 166.1, 166.2 and 166.3) where low- 

level VOC and metal groundwater contamination is detected. Neither the subsurface soil samples 

taken from the OU 6 trench area nor the wells within the nearby Present Landfill contain the same 

contaminants found in the groundwater, and the OU 6 wells are located outside of the Present 

Landfill slurry wall. However, wells upgradient of the Present Landfill and outside of the slurry 

wall do exhibit similar contaminants and concentrations (see PU&D Yard plume above) (OU 6 

RFI/RI Report, February 1996 and EG&G, 1994). 

There several theories for the occurrence of these low levels of VOCs and metals (OU 6 RFI/RI): 

e The trenches (IHSSs 166.1 to 166.3) may be the source of contamination and the field 

investigation did not detect these sources, 

The Present Landfill is the source, and the southern intercept wall is inadequate, 

Wastes may have been emplaced beyond the southern slurry wall, or 

Contamination is derived from a source upgradient of the Present Landfill, potentially the PU&D 

yard. 

* 

It is most likely that the contamination has migrated from a source upgradient of the Present 
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4.3 CLEANUP ALTERNATIVES 

The goal of this Groundwater Conceptual Plan is to manage and/or cleanup groundwater in order to 

be protective of surface water quality. The proposed cleanup of contaminated groundwater involves 

source removal or source containment, with treatment or management of the contaminated 

groundwater, to achieve this goal. Conceptual remedies for each major contaminant plume were 

developed by assessing the available technologies, and proposing a cost-effective, readily available 

technology. 

Both active and passive remedial actions were initially considered. Active treatment actions such as 

pump-and-treat methods are well-known and accepted, but typically have high operation and 

maintenance costs, can have a negative impact on wetlands, may consume groundwater, have limited 

application in clayey aquifers, and are relatively inefficient for DNAPL source removal. Passive 

treatment actions include passive collection of groundwater with ex situ or in situ treatment. These 

systems may have higher initial capital costs, but have lower operation and maintenance costs, low 

< 

energy consumption, no water consumption, and reduced equipment requirements. Passive treatment 

will collect DNAPL contaminated groundwater, but also will not remove the source. 

The pump-and-treat methodology is commonly used and accepted. EPA has identified the pump- 

and-treat methodology as one of the most frequently used methods for groundwater remediation, but 

recognizes that pump-and-treat methods may require decades of potentially expensive operations to 

achieve cleanup levels (EPA 1992). A preliminary analysis was performed on the potential 

effectiveness of pump-and-treat methods at RFETS. The analysis concluded that pump-and-treat 

methods would not be an effective treatment for most contaminant plumes at RFETS, based on the 

following: 

0 Neither the UHSU nor the LHSU are capable of producing significant quantities of wpter, 

because both have a relatively large clay content. 

0 Aquifer tests conducted at RFETS show that, for the most part, aquifer yields are low, 

ranging from 0.000006 gpm to 12 gpm, with an average of 0.3 gpm (EG&G 1995b). 
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Factors limiting water production within the UHSU include relatively thin saturated 

thicknesses and the presence of broad areas that become unsaturated during the fall and early 

winter (EG&G 1995b). 

Surkcial deposits at RFETS have hydraulic conductivities in the 10-3 to 10-4 c d s e c  range, 

whereas weathered and unweathered claystone bedrock have hydraulic conductivities in the 

cm/sec range. The valley-fill alluvium is the most permeable unit, but no contaminant 

sources are known to be present in this unit. < 

Due to the relatively low permeability of the geologic units at RFETS, cones of depression 

induced by groundwater removal would typically have very steep gradients, requiring a large 

number of closely spaced wells to effectively implement pump-and-treat remediation. 

Upgradient extraction of groundwater may adversely impact the present widespread 

distribution of seeps and springs (EG&G 1995b). 

Most of the contaminant plumes in WETS groundwater have suspected sources consisting 

of DNAPLs, which are difficult to remediate by using pump-and-treat or passive methods 

because: 

- DNAPLs have low dissolution rates in water and are denser than water, and 

therefore tend to sink to the bottom of the unit. 

The high clay content tends to adsorb DNAPLs, making these difficult or impossible 

to remove. 

Pump-and-treat remediation leaves residual DNAPLs, which will continue to act as a 

source, further releasing dissolved contaminants to the groundwater system. 

< 

- 

- 

It may be possible to implement pump-and-treat methods for groundwater near the East Trenches, 

where the No. 1 Sandstone is contaminated. However, a large number of closely spaced wells would 

be required to effectively pump-and-treat groundwater due to the low conductivities and the resulting 

September 1996 4-29 



RF/ER-95-0121. VN 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

steep cones of depression. DNAPL contamination could easily remain after treatment. For these 

reasons, and the associated higher costs for this methodology, the pump-and-treat option was not 

considered as the proposed remediation treatment in this area. 

When properly placed, a passive collection system near the distal ends of plumes will effecti4ely 

capture the DNAPL-contaminated groundwater, but a contaminated plume would be left upgradient 

to naturally attenuate (DOE 1995). The contaminants in the plume will degrade with time, and 

upgradient water will flush the source material toward the collection system. 

All proposed actions discussed below were selected to be effective, inexpensive to install and 

operate, and require minimal plant infrastructure support. For these and the preceding reasons, 

passive treatment actions are the preferred proposed remediation. 

Passive systems proposed for treatment of contaminant plumes in WETS groundwater include: 

. In situ passive collection and treatment system such as a funnel and gate, where 

contaminated groundwater is funneled into a reactive barrier by selective placement of 

relatively impermeable barriers. Treated water is released back into the groundwater 

downgradient of the barrier. Such treatment systems have been used effectively at other 

sites. 

* Collection of contaminated water from springs, seeps, andor shallow drains, then pumping 

the collected water to an existing treatment facility (Building 891 Combined Water 

Treatment Facility), and discharging the treated water to the surface water system. 

. Contaminated water collection from springs, seeps, andor shallow drains, then using gravity 

to feed the collected water through a nearby, ex situ treatment system, which uses granulated 

activated carbon, reactive iron, or similar treatment options. 

The passive treatments proposed in this plan could use any of these methods and are conceptual in 

nature. No engineering feasibility analyses were performed and the proposed remedial actions were 

not evaluated with regard to changing site conditions over time. Before implementation of any 

II 
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remedy, an evaluation will be done to determine the most appropriate, effective, implementable, and 

cost-effective remedy for each plume of contaminated groundwater. The result of these evaluations 

will be presented as part of ASAP or in a planning or implementation document such as an Interim 

MeasureDnterim Remedial Action (IMAM), along with the data used to make the decision. It is 

possible that, as a result of these evaluations, different remedial actions will be selected for the 

different contaminant plumes in WETS groundwater. 

Assumptions 

The proposed conceptual remedial actions for treatment of contaminated groundwater were 

developed using the following assumptions: 

0 WETS groundwater will not be used for domestic or other consumptive purposes, and there 
4 

are no pathways for contaminated groundwater to directly impact human receptors. 

0 Groundwater will be managed or remediated to protect surface water and to minimize 

potential ecological impacts due to entering the surface water system. 

0 Source removals or containment of subsurface soil sources will be designed to prevent 

further migration of groundwater containing contaminant concentrations greater than 100 x 

MCLs. 

0 Remediation and plume management will preserve wetlands where possible. 

0 Proposed actions will be implemented using cost-effective methodologies. 

. Based on preliminary analysis, passive groundwater treatment or containment would appear 

to be the preferred remedial alternative for most contaminant plumes in WETS groundwater. 

. Performance monitoring will be conducted for all remediation systems to verify 

effectiveness. 
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0 The remediation and management decisions described herein are based on the existing data 

set for contaminant plumes, as well as on known technologies that are believed to be 

applicable to treatment of WETS groundwater. 

0 For this plan, the proposed actions are assumed to be passive treatment or containment 

devices. Passive treatment systems will be sited downgradient from the sources and 

coincident with the Tier I boundary within the plume, or where otherwise practicable and 

feasible. The actual remedial actions and location of these actions will be decided on a case- 

by-case basis and detailed in an I W R A  or Proposed Action Memorandum (PAM) before 

implementation. 

0 An alternatives analysis for any proposed action will be presented as part of ASAP or as an 

IM/IRA decision document. 

0 As per RFCA, contaminant plumes in WETS groundwater which are stable and do not 

impact surface water above action levels will not require cleanup. . 

All remedial actions will be consistent with the proposed end-state of WETS. 

4.4 POTENTIAL CLEANUP ACTIONS 

Using available information, the following potential actions were conceptually developed for each 

major VOC contaminant plume in groundwater. As contaminated seeps are the most distal ends of 

these contaminated groundwater plumes, these will be managed through cleanup of groundwater 

sources, natural attenuation, andor interception at or upgradient of seep locations in accordance with 

the action level framework and the ER ranking. Further analysis of alternatives for feasibility, cost 

effectiveness, and suitability must be performed before initiating any action. Figure 4-1 shows the 

conceptual location of the groundwater actions. 
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4.4.1 Potential Action for the 881 Hillside Drum Storage Area Plume 

The final remedy proposed for OU 1 is to excavate those soils containing VOC concentrations 

greater than the Tier-I action levels. The volume of the source area requiring excavation is estimated 

at between 900 and 1,900 cubic yards of colluvium and weathered bedrock. Excavating the source 

will also remove much of the contaminated groundwater above Tier I action levels (Sampling and 

Analysis Report, 1996). After demonstrating that this proposed remedy has been effective, and that 

. the source and much of the resulting contaminated groundwater have been removed, the French 

Drain and recovery well are expected to be removed from operation. 

1 

This remedial action will be protective of surface water quality, and should reduce or eliminate any 

potential long-term stress to environmental receptors of contaminants that may reach Woman Creek. 

4.4.2 Potential Action for the Mound Site Plume 

Cleanup of the Mound Site contaminated groundwater plume will consist of excavating the 

subsurface soil exceeding Tier-I action levels for soil cleanup criteria for VOCs. Contaminated 

materials in Trench T-1 will also be removed using the same criteria. The remedial action proposed 

for the groundwater with concentrations of VOCs in excess of Tier I action levels is to perforrh near- 

surface collection of the plume front before it reaches South Walnut Creek. Interception of the 

contaminant plume will be accomplished by making improvements to the existing seep collection 

system at SW059. The contaminated water is expected to be treated by a passive system installed 

along the south bank of South Walnut Creek. 

. 

Containment and treatment of the contaminant plume in Mound Site groundwater will result in a 

reduction of risk to the environment posed by uncontrolled releases of contaminated groundwater to 

surface water. 

4.4.3 Potential Action for the 903 Pad and Ryan’s Pit Plume 

The proposed action is to remove contaminant sources exceeding the Tier I soil action levels for 

VOCs in soil from the 903 Pad area. Removal of the subsurface soils in the Ryan’s Pit area has 
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already been completed. The remedial action proposed for the groundwater with concentrations of 

VOCs in excess of Tier I action levels is to perform near-surface collection of the plume front before 

it reaches Woman Creek. The contaminated water is expected to be treated by a nearby passive 

system. 

4.4.4 Potential Action for the Carbon Tetrachloride Spill Plume 

There are two potential actions identified for this groundwater contaminant plume: (1) source 

removal by using shallow recovery wells to remove as much of the free-phase'carbon tetrachloride as 

.possible, and (2) removal of the contaminated soils, adjacent tanks, and associated piping. At this 

time, the building infrastructure in the area is containing this plume. Monitoring must continue to 

ensure that contaminated groundwater does not impact surface water. After removal of the 

infrastructure, near surface capture of this plume may be required to minimize impacts to surface 

water. If required, the captured water will be treated at a nearby passive treatment plant. This area 

may be capped as part of the 10-Year Plan. The impact on groundwater must be'determined to see if 

additional controls are necessary. 

4 

4.4.5 Potential Action for the East Trenches Plume 

Source remediation for Trenches T-3 and T-4 was completed in 1996 to remove subsurface soils that 

exceed the applicable RFETS soil cleanup criteria for VOCs. This action removed the contaminant 

source of this contaminated groundwater plume. The remedial action proposed for the remaining 

contaminated groundwater plume is to install a near-surface plume capture system near the distal end 

of the plume, and to use passive technologies to treat the contaminated groundwater. 

4.4.6 Potential Action for the IA Plume 

This groundwater contaminant plume may not require action because source removal and D&D 

activities will remove contaminant sources, the source of water in the plume will be reduced over 

time as capping and/or regrading reduces infiltration, and water loss from the WETS plumbing will 

be eliminated. Monitoring must continue to ensure that contaminated groundwater does not migrate, 

or create a threat to surface water. An upgradient groundwater barrier is not recommended as 

preliminary calculations indicate that only 15 percent of the present recharge (precipitation plus 
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groundwater influx) to the IA could be diverted by an upgradient barrier, preventing approximately 4 

gallons per minute of groundwater flux from entering the IA. 

4.4.7 Potential Actions for Additional Plumes 

Present Landfill Plume 

An interim remedial action has been installed at this location to collect the contaminated 

groundwater and leachate flowing from the landfill for treatment. This gravity-driven system 

consists of cement vaults for collecting the contaminated water. Treatment includes a settling basin, 

bag filters to remove suspended solids, and granular activated carbon to remove organic chemical 

constituents. Contaminated water is treated to comply with established cleanup levels. This 

treatment should effectively mitigate the potential ecological risk from the contaminants of concern. 

The treatment system may change or be eliminated once the Present Landfill cap is installed, because 

groundwater migration may no longer be a concern. 

Solar Ponds Nitrate Plume 

Proposed remedial actions for the groundwater nitrate plume, if required, will be developed at a later 

date, based on final cleanup standards and site-specific hydrogeologic conditions. No source 

removal is planned for nitrate-containing media. However, a caphover is being considered, which 

would reduce the groundwater recharge and the flow through the nitrate-contaminated soils. 

Recommendations from the Working Group, if approved by the Water Quality Control Comniission 

(WQCC), will change the stream classification for nitrates from drinking water to agricultural. 

There is some possibility that this surface water will be used for irrigation. Measures are.being 

implemented which will restrict use of this water for domestic use. If the drinking water 

classification is lifted, then the nitrate concentrations seen in the surface water as a result of the 

nitrate plume are acceptable for all of the remaining uses, and could be of benefit for irrigation. 
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PU&D Yard Plume 

A limited field investigation will be completed in 1997 to determine the impact to surface water. 

This will be followed by a source removal the same year. The limited field investigation will 

determine whether groundwater remedial action(s) are required to protect surface water. 2 

Other 881 Hillside Groundwater Contamination 

No action is required to mitigate this plume as it is not impacting, or expected to impact surface 

water. Any point sources around the building are expected to be dealt with during building 

demolition. 

Old Landfill Groundwater Contamination 

The VOC contaminated groundwater associated with the Old Landfill is limited in extent, closely 

related to the small source area, and is not a threat to surface water. Therefore, this contaminated 

groundwater does not require any action. 

2 

Walnut Creek Drainage Groundwater Contamination 

It is most likely that the contamination in this area has migrated from a source upgradient of the 

Present Landfill, potentially the PU&D Yard (see above). Contaminated groundwater in this area 

will be addressed as part of the remedy for the upgradient plume. 

4.5 PLUME RANKING 

Sources or contaminant plume above action levels that are determined to be candidates for remedial 

actions have been prioritized to determine the sequence in which remediation will occur. To 

accomplish this task, a methodology was developed by CDPHE, EPA, K-H, and RMRS staff to rank 

the known environmental risks at WETS and is outlined in the “Environmental Restoration (ER) 

Ranking” (RMRS 1995). 
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The ER ranking is currently being updated to incorporate the new action levels. Sites are ranked 

using the following criteria: 1) concentrations of contaminants present in soil, subsurface soil, and 

groundwater; 2) impact to surface water; and 3) the potential for further release which quantifies the 

possibility that source material will continue to release contaminants into the environment. The 

resulting prioritized list is used to determine the general order in which to implement remedial 

actions. 

This methodology incorporates a very conservative approach. As a result, IHSSs, areas and 

groundwater plumes where formal risk assessments have determined that there is no unacceptable 

risk may rank higher than expected on the prioritized list. 

The Working Group recommended that the groundwater plumes be prioritized separately from the 

contaminant sources to allow the groundwater actions to be initiated separately from the source 

removal actions. The methodology for ranking the groundwater plumes follows: 

1) Score Ratio: Analytical data for VOCs in groundwater since 1990 were compared to the 

proposed Tier I1 action levels, and a ratio of the analytical result to Tier I1 action level value 

was calculated. The maximum ratio for each analyte within the contaminant plume was 

tabulated, and a total score for each groundwater plume was calculated by summing the 

maximum ratios. The resulting summed values were then converted to a Score Ratio using 

Table 4- 1. 

2) Impact to Surface Water: A rating of 1 to 3 was assigned to each plume based on the 

evaluation of whether or not the groundwater contaminant plume was impacting surface 

water at Tier I action levels (a rating of 3), had the potential or was impacting surface water 

at Tier I1 levels (a rating of 2), or did not pose a threat to surface water at this time (a rating 

of 1). t 

3) Potential for Further Release: A rating of 1 to 3 is assigned based on an evaluation of 

whether or not there is a potential for contaminants to continue to migrate into groundwater 

(i.e., is an uncontained source present?). If there is probably free product present, a rating of 
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3 is assigned, if high concentrations of contaminant are present in soil, a rating of 2 is 

assigned and if there is probably no uncontained source present, a rating of 1 is assigned. 

The ER Ranking was recalculated in September 1996 using the new action levels and standards, and 

including the groundwater contaminant plumes. Table 4-2 provides the rankings of the groundwater 

contam inant p I umes. 

The following is an example showing how the three factors were used to generate the ranking for the 

903 Pad groundwater contaminant plume. Concentrations of VOCs in groundwater in the 903 Pad 

and Ryan’s Pit plume were identified and compared to the appropriate Tier I1 values. The maximum 

ratios for each contaminant that exceeded Tier I1 action levels were summed, which equaled a value 

of 603. Using Table 4-1, this value equated with a Ratio Score of 10. 
2 

Next, the impact to surface water was evaluated. Because the contaminants are believed to be 

impacting surface water near Tier I1 levels, the a factor of 2 was used. Finally, the potential for 

further release was believed to be high and a factor of 3 was assigned, based on the belief that there 

is free product underneath the 903 Pad that is still being released into the groundwater. 

\ Multiplying the Ratio Score of 10, times the impact to a surface water impact factor of 2, times the 

factor for potential for further release of 3, generated a ranking score 
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Priori Ranking Comments 

20 
20 
20 
18 
16 
10 
10 
10 
9 
8 

Table 4-2 Plume Ranking 

Plume 

Mound 
903 Pad and Ryan's Pit 
East Trenches 
Solar Ponds 
Present Landfill 
PU&D Yard 
881 Hillside Drum Storage Area 
Carbon Tetrachloride Spill 
IA 
Building 881 Area 
Old Landfill 

11 
12 Ryan's Pit source removed I 

Groundwater presently collectedheated 

and." - .  Sources removed 
Ranking due to nitrate concentrations 

27 
28 
32 
35 

Below Tier I action levels 
Below Tier I action levels 
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5.0 NEXT STEPS 

Additional data must be collected and/or analyzed before implementing a ti ns. Not 11 gr 
contaminant plumes and sources are characterized sufficiently to implement an action, and 

undwat 

appropriate methodologies for collection and treatment must be identified. The ecological impacts 

of groundwater collection and treatment must be determined, as collection of the distal plume 

boundaries may irreparably damage wetlands and seeps. t 

Before implementation of any remedy, a planning or implementation document such as an Interim 

Measurehnterim Remedial Action (IMAM) or PAM must be prepared, and an engineering design 

must be completed. 

Based on the currently available information, following are the steps already completed towards 

groundwater remediation, and the proposed next steps: 

0 Soils in OU 1 881 Hillside Drum Storage Area (IHSS 119.1) that contain contaminant 

concentrations above action levels may be excavated, removing material above the Tier I 

Action Level. Because the source of groundwater contamination would be removed, the use 

of the French Drain system and recovery well may no longer be necessary. After monitoring 

demonstrates the effectiveness of the remedy, these will be removed from service. 
t 

The seep near Woman Creek will be evaluated to determine whether it is related to the 88 1 

Hillside Drum Storage Area, and if there is an impact'to surface water above action levels. 

0 The source of the Mound plume is anticipated to be remediated as an accelerated action. 

Pre-remedial investigations were completed in 1996 to delineate the extent of the 

contaminant source for this plume. Further pre-remedial investigations to determine the 

extent of the distal end of the groundwater contaminant plume, and effective, passive 

treatment methodologies are expected to continue in the near future. Gravity-flow passive 

treatment systems will be the preferred option. 

r 
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e The sources of the 903 Pad and Ryan's Pit plume are scheduled to be removed. The Ryan's 

Pit source has already been characterized and remediated. Pre-remedial investigations are 

proposed to determine the extent of the source. The distal ends of the groundwater 

contaminant plumes require better definition in order to appropriately site collection and 

treatment systems. Gravity-flow passive treatment systems will be the preferred option. 

' 

0 A pre-remedial investigation is proposed for the carbon tetrachloride spill plume (IHSS 

1 18.1) to better define the source, and to evaluate remedial actions. A limited pump and 

treat system may be installed due to the large amount of free product present in a limited 

area. If required, after removal of the surrounding buildings and associated footing-drain 

systems, a passive collection and treatment system may be installed to contain the dissolved 

A$"' phase of this plume. This system would be located along the post-building removal, - b+ 
At' A&,& downgradient flow path near the impacted drainage. 

I 

L 

e 

The sources for the East Trenches plume have been removed. Accelerated actions were 
1 

completed in 1996 to excavate Trenches T-3 and T-4, and materials above the Tier I action 

levels were removed. The distal end of this groundwater contaminant plume requires better 

definition in order to appropriately site collection and treatment systems. Gravity-flow 

passive treatment systems will be the preferred options. 

The IA plume will continue to be monitored to ensure that there is no increase in migration, 

and that there is no impact to surface water quality. 

Groundwater treatment systems need to be investigated to determine the optimum treatment 

methodology. 

The unknown extent of the chlorinated solvent plumes associated with the PU&D yard 

(IHSS 170, 174a, and 174b) is a data gap. Because the nature of the southern boundary of 

these plumes is undetermined, the potential impact to surface water cannot be evaluated. A 

limited characterization investigation will be conducted in 1997 to determine the extent of 

the plume, and to determine the location, nature and size of the source material. Previous 

investigations suggest that the contaminant source(s) may be located immediately east of the 
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known PU&D yard boundary. Source removal is expected to follow in 1997 if a 

contaminant source can be defined. 

0 Soil vegetative caps or covers may be used throughout RFETS where necessary to limit 

natural recharge caused by precipitation from leaching of contaminants in the unsaturated 

zone and into groundwater. This would greatly reduce the movement of groundwater 

through the IA, and thereby reduce the mobility of the contaminant plumes. Subsurface 

sources of groundwater contamination would be removed where practical. At the end of the 

D&D/remediation phase, the‘plant water supply and sanitary sewer will be shut off. This 

will eliminate a major source of groundwater recharge for the IA, and should greatly reduce 

the mobility contaminant of the IA and carbon tetrachloride spill plumes. 1 

Further analysis is required to determine optional intercept locations, actual treatment 

methodologies, and cost-effective project planning and scheduling. 

The ER Ranking scheduled to be completed in 1996 and the proposed ranking of groundwater 

plumes presented in Section 4.5 provide the basis for establishing the priority and sequence of 

proposed cleanup actions. However, a schedule for implementing groundwater cleanup will be 

dependent on funding, data sufficiency, resource availability, and the integration with other cleanup 

and RFETS activities. 
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EXECUTIVE SUMMARY 

The Groundwater Conceptual Plan provides a basis for cleanup and management of contaminated 

groundwater at the Rocky Flats Environmental Technology Site (WETS) consistent with the Rocky 

Flats Cleanup Agreement (RFCA) Preamble, and the Action Levels and Standards Framework for 

&- 
S. This plan was originally issued in March 

1996, but has been revised to reflect the Final RFCA, and to include more groundwater plume data. 

Addressing groundwater on a sitewide basis allows for effective coordination of groundwater 

activities, and provides consistency in addressing groundwater contamination. Because domestic use 

of groundwater at WETS will be prevented through institutional controls, the goal is to manage or 

cleanup groundwater to protect surface water quality for all agreed-upon uses. In addition, the 

Groundwater Conceptual Plan identifies, describes, and ranks the principal groundwater contaminant 

plumes to provide a planning basis for funding, and implementation of groundwater actions. 

The lateral extent and spread of contaminants in WETS groundwater is limited by hydrogeologic 

conditions, therefore the contaminant plumes are relatively stable. In addition, groundwater 

discharges to surface water before leaving WETS and there is a natural vertical barrier to downward 

migration of contaminated groundwater. Low-permeability claystones form a barrier at least 500- 

feet thick between contaminated groundwater at WETS and the LaramieRox Hills aquifer. 

The volatile organic compound (VOC) contaminant plumes in groundwater have the most potential 

to impact surface water, and are the primary focus of the Groundwater Conceptual Plan. e dC.4 
me? l% ! Contaminant plumes with other, inorganic, constituents were addressed where surface water is 

impacted above action levels. A two-tiered approach for action levels was developed for 

groundwater and soils to be protective of surface water uses as well as to be protective of the 

ecological resources. The Tier I action levels were developed to identify potential cleanup targets. 

For groundwater, these were defined as 100 x Federal Drinking Water Maximum Contaminant Level 

(MCL) for VOCs. Tier I1 action levels were developed to identify contaminated groundwaterrthat 

may impact surface water and were defined on the basis of exceedances above the MCL for 

individual constituents. 
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Six groundwater contaminant plumes have been identified where contaminant concentrations exceed 

the Tier I action levels. These Contaminant plumes are: (1) 881 Hillside Drum Storage Area Plume, 

(2) Mound Site Plume, (3) 903 Pad and Ryan's Pit Plume, (4) Carbon Tetrachloride Spill Plume, ( 5 )  

East Trenches Area Plume, and (6) Industrial Area Plume. In addition, other groundwater plumes 

do not exceed the Tier I action levels, but may have the potential to impact surface water. These 

additional plumes include the Present Landfill, Solar Ponds and Property Utilization and Disposal 

(PU&D) Yard plumes. 

Proposed cleanup actions consist of source removal or containment, with capture and treatment or 

management of the contaminated groundwater. Using available information, potential action9 were 

conceptually developed for each major groundwater contaminant plume. Based on capture and 

treatment effectiveness, installation and operating costs, and plant infrastructure requirements, 

passive captive and treatment methods were the preferred conceptual actions. Before each cleanup 

action can begin, analyses must be done to select the specific cleanup alternative, and to perform 

engineering design. Additional data may be needed toknsure the proper placement of cleanup 

systems. 

ssld a p v &  M - A  + G y s L s  d 

The groundwater contaminant plumes were ranked based on the methodology previously developed 

to provide the basis for establishing the priority and sequence of proposed cleanup actions. 

However, a schedule for implementing groundwater cleanup will be dependent on funding, data 

sufficiency, resource availability, and the integration with other cleanup and WETS activities. 
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1 .O INTRODUCTION 

The Groundwater Conceptual Plan was originally developed as a joint effort between the Department 

of Energy, Rocky Flats Field Office (DOE/RFFO), Kaiser-Hill Company, L.L.C. (K-H), Rocky 

Mountain Remediation Services, L.L.C. (RMRS), the Environmental Protection Agency (EPA), and 

the Colorado Department of Public Health and Environment (CDPHE). This plan incorporates the 

final Rocky Flats Cleanup Agreement (RFCA) (July 19, 1996), and guidance from the Action Levels 

and Standards Framework for Surface Water, Ground Water, and Soils Working Group (“the 

Working Group”). This Working Group was formed to: 

. Provide a basis for future decision making, 

0 Define the common expectations of all parties, and 

e Incorporate land- and water-use controls into site cleanup. 

The Groundwater Conceptual Plan was originally issued in March 1996, and has been revised to 

incorporate changes in RFCA, and additional information on plumes. 
t 

1.1 ROCKY FLATS CLEANUP AGREEMENT AND ACCELERATED SITE ACTION 
PROJECT (ASAP) 

3 3 - G  p M F  is 
DOERFFO, EPA, and CDPHE,!nsure the effective and “r4! %5&’~5 ?$he RFCA 

efficient cleanup of WETS. The RFCA Preamble mandates that environmental cleanup will be 

implemented through an integrated and streamlined regulatory approach. The RFCA preamble also 

defines the approximate areal extent of the five future conceptual land uses: (1) capped areas 

underlain by waste disposal cells or contaminated materials closed in-place, (2) an industrial-use 

area, (3) restricted open space, (4) restricted open space because of low levels of plutonium 

contamination in surface soils, and (5) unrestricted open space. 

The RFCA Preamble states that the goal of soil and groundwater management and cleanup is the 

protection of surface water quality for the designated uses. Proposed actions will be designed to 
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protect ecological resources to protect the appropriate industrial or open space uses. Groundwater 

will not be used for any purposes at RFETS, except as related to cleanup activities. 

ASAP was developed as a strategy to reduce risks and close RFETS. n e  strategy is being used to 

develop a comprehensive action plan implement the objectives e€ the RFCA Preamble and to ensure 

that, after cleanup, surface water and groundwater leaving the site will be acceptable for any use. 

s-\.j\dd a b  

This Groundwater Conceptual Plan was developed using the conceptual RFCA Preamble objectiv 

and the Action Levels and Standards Framework for the Surface Water, Ground Water, and Soils. 

conceptually describes the management and cleanup of contaminated groundwater to protect surface 

water and ecological resources. 
&I+ && y L  *bdb 4-0 &M? 

1.2 PURPOSE OF THE GROUNDWATER CONCEPTUAL PLAN AT RFETS 
t 

Groundwater at RFETS is present in the shallow, unconsolidated sediments and subcropping bedrock 

throughout the site. In the past, each Operable Unit (OU) investigated groundwater within its 

boundaries without addressing influences from upgradient sources. However, groundwater is not 

limited by OU or Individual Hazardous Substance Site (IHSS) boundaries. Several sources may 

contribute to a single groundwater plume, and groundwater plumes may cross several OUs and 

contribute to surface water contamination a great distance from the source location. Figure 1-1 

shows the locatibn of the principal areas discussed in the text. 

The Groundwater Conceptual Plan addresses groundwater on a sitewide basis, in order to allow 

effective coordination of groundwater activities, and establishes a consistent approach to addressing 

groundwater contamination. While remediation of groundwater contaminant plumes must consider 

both the source and the associated groundwater plume, groundwater plume remediation can be 

performed independently of source remediation. Because there is no exposure pathway to humans 

from contaminated groundwater, the programmatic goals are to protect surface water and the 
< 

environment, and limit potential contaminant migration (to the extent possible). 

pv&bk? 
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The three specific goals of the Groundwater Conceptual Plan are to: 

1) Identify and describe the principal contaminant plumes in groundwater; 

2) Rank the contaminant plumes for the purpose of establishing the priority for cleanup actions, 

in accordance with the method outlined in the “Environmental Restoration Ranking” (RMRS 

1995); and 

3) Provide an initial planning basis for funding and implementation of groundwater cleanup.- 

w i - t e k  ~~~~W~ ,t,?2 
To meet these goals, the Groundwater Conceptual Plan proposes cleanup and/or management of 

contaminated groundwater through source removal, source control, and/or treatment of dissolved- 

phase plumes. Contaminated seeps are also addressed, as these represent the distal ends of the 

contaminated groundwater plumes. The Groundwater Conceptual Plan also recommends evaluating 

whether some areas of contaminated groundwater may remain in place, given that the programmatic 

goals can be met without active intervention. 

1.3 DOCUMENT ORGANIZATION 

The conceptual plan for groundwater restoration is presented in five sections: (1) Section 1 .O 

provides an introduction, describes the goals and purpose of the groundwater strategy, and presents 

the organization of the report; (2) Section 2.0 provides a summary background on groundwater at 

WETS; (3) Section 3.0 presents the action levels and standards developed by the Working Gmup 

and describes the groundwater monitoring requirements; (4) Section 4.0 describes the various 

groundwater contaminant plumes present at WETS and provides an overview of the proposed 

cleanup actions that may be used; and ( 5 )  Section 5.0 summarizes the proposed next steps. 

This document also contains three appendices: (1) Appendix A is a list of acronyms used in this text, 

(2) Appendix B contains Attachment 5 to RFCA, the Action Levels and Standards Framework for 

Surface Water, Ground Water, and Soils, and (3) Appendix C contains the executive summary of the 

White Paper - Analysis of Vertical Contaminant Migration Potential - Final Report, MER-96- 

0040.UN, report prepared for Kaiser-Hill Company, August 16, 1996 
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A basic understanding of the hydrogeologic setting is important for evaluating the nature and 

distribution of contaminated groundwater at RFETS. The current reference documents for 

describing the sitewide geologic, hydrogeologic and groundwater geochemical data at RFETS are the 

“Geologic Characterization Report for the Rocky Flats Environmental Technology Site” (EG&G 

1995a), the “Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology’ 

. 

Site” (EG&G 1995b), and the “Groundwater Geochemistry Report” (EG&G 1995~). Much of the 

following discussion was derived from these reports. Unpublished plume maps from the 1995 Well 

Evaluation Project were modified to generate the plume configuration maps in this report. 

Figure 2-1 illustrates the geologic setting of RFETS. Conceptually, the shallow groundwater at 

RFETS flows through two separate water-bearing layers, known as hydrostratigraphic units. These 

units are defined based on observed differences in hydrologic and geochemicaldfor each flow system. 

These units are generally referred to as the upper hydrostratigraphic unit (UHSU), and the loker 

hydrostratigraphic unit (LHSU). A third hydrostratigraphic unit, a permeable, deep regional artesian 

b h v c b / i s S i G S  

aauifer known as the Laramie-Fox Hills aquifer, lies below the LHSU and is used extensively as a 
lie4 W ~ - ’ C C S -  -4 &.FETS 

water supply in t h e . R E & & s d  &-eater Denver area. The WETS hydrostratigraphic units are 

described in the greater, detail in the Hydrogeologic Characterization Report for the Rocky Flats 

Environmental Technology Site (EG&G 1995b). 

The UHSU is the predominant water-bearing unit of concern at RFETS and is considered to be 

equivalent to the “uppermost aquifer” as defined by the Resource Conservation and Recovery Act 

(RCRA). It consists of unconsolidated, sandy and gravely materials mixed with clay (Le., alluvium, 

colluvium, and artificial fill), as well as weathered bedrock claystones and sandstones which are 

hydraulically connected to the alluvium. The LHSU’consists of unweathered claystone with some 

interbedded siltstones and sandstones. There is a significant difference in the ability of each unit to 

transmit groundwater. For example, the geometric mean hydraulic conductivity value of 2 x !O“ 

centimeters per second (cm/sec) for the Rocky Flats Alluvium (UHSU) is about three orders of 

magnitudQgreater than that for unweathered LHSU Laramie claystones (geometric mean of 3 x 

conductivities of LHSU materials are similar to that required for a landfill 

completed in the UHSU and LHSU generally have poor water-yielding 
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characteristics that prevent their development as viable water sources for residential use, although a 

few isolated UHSU well locations (Le., bedrock sandstones in OU 2 (EG&G 1992) and valley-fill 

alluvium in Walnut Creek near Indiana Street (EG&G 1995d) have sustainable well yields that could 

support limited household use. 

The spread of individual groundwater contaminant plumes at WETS is limited by natural 

hydrogeologic conditions, including: the magnitude and distribution of hydraulic conductivities and 

hydraulic gradients; limited aquifer extent and interception of plume fronts by hydrologic boundaries 

(Le., interception of groundwater Contaminant plumes by drainages); and other physical controls, 

such as bedrock topography and the presence of discontinuously saturated areas, that constrain and 

moderate groundwater and contaminant movement. 

5 flow slowly at WETS. For example, using Darcy’s Law, the velocity 

of groundwater moving laterally through the Rocky Flats Alluvium in the East Trenches Area is 

estimated to be about 50 feet per year (assuming a hydraulic conductivity of 2 17.3 Wyr, effective 

porosity of 0.1, and hydraulic gradient of 0.0213 Wft). 

Because natural processes such as sorption and geochemical transformation reactions tend to 

attenuate the movement of organic contaminant plumes in groundwater, the velocity of contaminant 

movement is expected to be retarded relative to the groundwater flow velocity. Contaminants in the 

East Trenches Plume would then be expected to migrate at rates ranging from about 2.5 and 25 feet 

per year, based on a reasonable range of retardation factors and neglecting the effects of dispersion 

and diffusion. Other processes may further attenuate contaminant movement, such as diffusion of 

aqueous contaminants into clayey matrix materials. Therefore, in some cases, plume front 

movement appears to be imperceptibly slow. The apparent slow migration rate of some contaminant 

plumes at WETS, although not fully understood, provides a higher level of confidence that 

temporary deferment of remedial actions at these plumes will not result in undue risks to the 

environment. ‘_ 

Groundwater in the surficial deposits of the UHSU generally flows to the east following bedrock and 

surface topography, and ultimately discharges to one of three stream drainages which are the main 

water pathways offsite. These drainages include Walnut and Woman Creeks, which receive 
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groundwater flow from the IA, and Rock Creek, which receives groundwater flow from areas‘ 

essentially unimpacted by WETS activities. Surface water flow from the IA is controlled by a series 

of impoundments in the Walnut and Woman Creek drainages. These impoundments also intercept 

groundwater flow associated with the valley-fill alluvium and promote intermingling of surface 

water with groundwater prior to release offsite. As a result5ere is no known direct hydraulic 

connection between impacted groundwater at WETS and offsite domestic wells. 

In partially saturated areas, alluvial UHSU groundwater has been shown ‘to preferentially flow along 

predepositional channels cut into the underlying bedrock surface (see Figure 2-2). These channels 

are known to occur in the IA, Solar Ponds, 88 1 Hillside, 903 Pad, and East Trenches Areas. 

Groundwater flow is often concentrated within these channels, and hillside contact seeps result 

where these channels are cut by erosional surfaces. These channels restrict plume spreading and 

movement. Other hydrogeologic controls for groundwater flow and contaminant transport are 

hydraulic gradient, distribution of subcropping sandstones and claystones, and topography. In the 

IA, features such as interceptor drain systems, buried utility lines, and building foundation drains 

control groundwater flow. 

The lithologic and hydraulic characteristics of the LHSU cause it to act as a regional confining layer 

for the underlying Laramie-Fox Hills aquifer. The LHSU is a natural barrier to vertical groundwater 

flow and contaminant transport that effectively isolates impacted UHSU groundwater from deeper 

strata and the Laramie-Fox Hills aquifer (RMRS 1996a). At the IA the LHSU is estimated to 

measure at least 600 feet in thickness as shown in Figure 2-1 (modified from EG&G 1995a). By 

comparison, the average RCRA landfill is lined with only a few feet of similar material. These 

stratigraphic relationships, combined with an observed downward vertical hydraulic gradient, result 

in a LHSU groundwater flow regime that is predominantly vertically downward rather than 

horizontal. The available data from groundwater monitoring in the LHSU indicates that it is 

uncontaminated, with the exception of a few shallow LHSU wells with sporadic and, therefore 

suspect contaminant occurrences. I 

The available hydrogeologic and geochemical data suggest that fractures and faults are not 

significant conduits for downward vertical groundwater flow to deep aquifers (RMRS 1996a). 

Evidence of limited shallow hydraulic communication between UHSU and LHSU groundwater was 
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found to exist in some wells, but these occurrences do not present a pattern consistent with known 

fault locations. Due to the thickness, lithology, and observed trend of decreasing hydraulic 

conductivity values with depth for the LHSU, it has been concluded that the LHSU has sufficient 

hydrologic integrity to provide long term protection of the Laramie-Fox Hills aquifer from shallow 

groundwater contamination (RMRS 1996). The executive summary of the White Paper - Analysis of 

Vertical Contaminant Migration Potential - Final Report, RFER-96-004O.UN is presented in 

Appendix C and summarizes the hydrologic information used to reach the above conclusions. 
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3.0 ACTION LEVELS AND STANDARDS 

The RFCA Preamble was used as the basis for the action levels and standards developed by the 

Rev 3 

Working Group. Protection of surface water quality is the primary basis for the cleanup and/or 

management of contaminated subsurface soil and. groundwater at RFETS. Surface water, 

groundwater, and soil cleanup are interrelated, and the Working Group considered all three media in 

developing a sitewide strategy for RFETS. 

The Action Levels and Standards Framework for  Surface Water, Ground Water, and Soils (July 19, 

1996) is attached as Appendix B. The following sections summarize the approaches delineated in 

this document for monitoring and remediating surface water, groundwater, and subsurface soils for 

the purpose of protecting surface water quality and ecological resources. 
t 

3.1 SURFACE WATER 

Groundwater will be managed to protect surface water quality. During active remediation, surface 

water quality standards and surface water management activities will be different than those applied 

after remediation. The water quality standards will apply at points-of-compliance located at the 

outfalls of the terminal ponds and at the Site boundary. These values will also be used as action 

levels upstream from the terminal ponds at existing gauging stations. 

3.2 GROUNDWATER 

As stated in the RFCA Preamble, domestic use of groundwater at RFETS will be prevented through 

institutional controls. Because no other human exposure to groundwater is foreseen, groundwater 

action levels are not based on human consumption or direct contact. Instead, action levels for 

groundwater have been selected to be protective of surface water quality and ecological resoukes. 

This framework for groundwater action levels is based on the conclusion that contaminated 

groundwater emerges as surface water before leaving RFETS. 
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3.2.1 Action Levels 

The Working Group has defined the action levels, for Volatile Organic Compounds (VOCs) only, 

based on Maximum Contaminant Levels (MCLs) established under the Safe Drinking Water Act (see 

Appendix B). MCLs are well-established and accepted values that have been used to guide cleanup 

at other contaminated sites. Where an MCL f0r.a particular VOC contaminant is lacking, the 

residential, ingestion-based Programmatic Risk-Based Preliminary Remediation Goal (PPRG)' value 

will apply. A two-tiered action level approach to groundwater cleanup and monitoring was 1 

developed to protect surface water and identify areas of groundwater contamination potentially 

requiring cleanup. Tier I action levels consist of near-source action levels for accelerated clean-ups, 

and Tier I1 action levels are protective of surface water quality. This approach, isbelow. 
01Bp4XJ - 

Tier I 

Tier I action levels were developed to identify potential cleanup targets in areas where VOC 

contamination of groundwater exceeds 100 times the MCL (100 x MCL). These action levels 

identify groundwater contaminant sources that present a higher potential risk to surface water quality 

that should potentially be addressed through an accelerated action. If Tier I action levels are 

exceeded, an evaluation is required to determine if remedial or management action is necessary to 

event the highly contaminated (i.e., contaminant concentrations exceeding 100 x MCLs) 

groundwater from reaching surface water (the evaluation process is described in Section 4.1). If 

action is necessary, the type and location of the action will be delineated and implemented as an 

accelerated action. Additional contaminated groundwater that does not exceed the Tier I action 

levels may also need to be remediated or managed to protect surface water quality or ecological 

resources. The plume areas to be remediated and the cleanup levels or management methods used, 

will be determined on a case-by-case basis. 

t 

'7 a & e s ~  %s ya)ow+ '*++i-/-uvb ~ q h + a  0' e u f i ~ ~ ~ ' ~  8 
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PPRGs were developed and approved by DOE, EPA, CDPHE, and EG&G to establish sitewide cleanup 
targets for environmental contamination. 
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Tier I I  

The Tier I1 VOC action levels for surface water quality protection were developed to prevent I 

contaminated groundwater from reaching surface water. When Tier I1 action levels are exceeded at 

the designated Tier I1 wells, groundwater management actions are triggered. Tier I1 wells are located 

downgradient of existing plumes to detect the possible spread of the contaminant plumes. If 

concentrations in a Tier I1 well exceed MCLs during a regular sampling event, monthly sampling of 

that well will be required. Three consecutive monthly samples showing contaminant concentrations 

greater than Tier I1 action levels will trigger a groundwater action. These actions will be determined 

on a case-by-case basis and will be designed to treat, contain, manage, or mitigate the contaminant 

plume. Such actions will be incorporated into the Environmental Restoration Ranking and will be 

given weight according to measured or modeled impacts to surface water. 

i 

The Tier I1 action levels will be applied only at certain wells as described in Section 3.2 of Appendix 

B. Table 3-1 presents the list of groundwater monitoring wells designated as Tier I1 monitoring 

locations. Figure 3-1 shows the location of Tier I1 monitoring wells relative to the composite VOC 

plumes as described in Section 4.2. Additional Tier I1 monitoring wells may be installed, if 

necessary. The results of groundwater sampling and analysis at these wells will be integrated with 

concurrent surface water data for the purpose of evaluating potential impacts to surface water. 

Table 3-1 Tier KI Groundwater Monitoring Wells 

~ ~~ 

Well Number 
6586 
23 196 
23296 
75992 
0609 1 
23096 
10194 

Well Number 
P3 14289 
P313589 
7086 
10992 
1786 
1386 
10692 

I 
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All long-term monitoring requirements 

Report, will soon be incorporated into 

e document will incorporate two pre-existing plans: ( 1 )  the Groundwater Protection and 

(GPMPP) (DOE 1993); and (2) the Groundwater Assessment Plan 

document will also describe recent changes to the groundwater , 

monitoring network. 

TAT 
Thef&will list the wells with their appropriate regulatory driver, the sampling frequency, and 

analyte suite, as well as describe data evaluation and reporting methodologies. The GMAP will also 

reference other implementation plans and decision documents from which the requirements a;e 

derived, and will be updated regularly as programmatic changes occur. 

Analyte suites, sampling frequency, and specific monitoring locations will be evaluated annuall! to 

adjust to changing conditions such as plume migration and increased understanding of contaminant 

distributions. The present groundwater monitoring network 

modified by the Groundwater Monitoring Working Group, 

by all parties. All groundwater monitoring data, as well as changes in hydrogeologic conditions and 

any exceedance of groundwater action levels, will be reported quarterly and summarized annually. 

All groundwater remedies, as well as some soil remedies, will require groundwater performance 

monitoring. The amount, frequency, and location of any performance monitoring will be based on 

the type of remedy implemented and will be determined on a case-by-case basis within the specific 

decision documents. 
4 
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Insert Figure 3- 1 
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3.3 SUBSURFACE SOILS 

Action levels for VOCs in subsurface soils were developed to be protective of surface water through 

groundwater transport of leached contaminants. The VOC contaminant plumes in subsurface soil ' 

and groundwater have the most potential to impact surface water. However, to provide cleanup 

guidance, action levels for inorganics,that may be of concern at WETS are currently under 

's development in a manner consistent ith that used for VOCs. 
,cn'l.4.%&d-i- cyd ,,..:$'"r c,pLuwi-,-- 2 

The soil VOC levels necessary to be protective of groundwater were calculated using a soiVwater 

partitioning equation and a calculated dilution factor (EPA 1994). The partitioning equation used 

chemical-specific parameters and site-specific subsurface media characteristics to determine the 

equilibrium partitioning of a given contaminant between the soil and groundwater. The dilution 

factor accounts for dilution up to the edge of the source location. Using this approach, subsurface 

soil contaminant levels that would be protective of groundwater to 100 x MCLs were calculated and 

are presented in Appendix B. 

3-6 



RF’ER-95-0121. UN 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

4.0 GROUNDWATER CONTAMINANT PLUMES AND REMEDIATION 

4.1 IDENTIFICATION 
/ 

The VOC contaminated groundwater plumes at RFETS have the most potential to impact surface 

water or to migrate offsite as the mobility of VOCs in groundwater far exceeds the mobility of 

metals and radionuclides. These plumes were defined on the basis of the exceedances of the Tier I1 

action levels and are shown on Figure 3- 1. Tier I action levels were compared against all 

groundwater data to locate areas of highly contaminated groundwater. These areas were plotted and 

are shown on Figure 4-1 along with proposed locations of the conceptual groundwater actions. 

The probable sources of the VOC contaminated groundwater plumes were identified using the 

available data and process knowledge. The flow diagram (see figure 4-2) describes the method used 

to locate the contaminant plumes and corresponding sources, and to determine which areas should be 

targeted for remedial action. 

There are six groundwater contaminant plumes identified where contaminant concentrations exceed 

Tier I action levels. In addition, there are several plumes and areas of interest where contaminant 

concentrations do not exceed Tier I action levels, or are of very limited extent, but that are of interest 

due their potential to impact surface water above RFCA action levels, or due to their contaminant 

concentrations. The groundwater contaminant plumes with VOC concentrations exceeding Tier I 

action levels are: (1) 881 Hillside Drum Storage Area Plume, (2) Mound Plume, (3) 903 Pad and 

Ryan’s Pit Plume, (4) Carbon Tetrachloride Spill Plume, (5) East Trenches Area Plume, and (6 )  IA 

Plume. Additional plumes discussed include those at the Present Landfill, Solar Ponds, and the 

Property Utilization and Disposal (PU&D) Yard. 

The 903 Pad and Ryan’s Pit Plume, the Mound Plume, and the East Trenches Plume are part of a 

large composite plume on the east side of RFETS. Even though these contaminant plumes overlap, 

differing sources and flow paths make it effective to treat these parts of the large plume individually. 
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INSERT FIGURE 4-1 

September 1996 4-2 



RF/ER-95-0121. UN 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

4.2 

The extent of contaminated groundwater plumes in RFETS groundwater is not rapidly changing (see 

Section 2.0). The contaminated groundwater plumes are described below with much of the data 

derived from the relevant RFIRI reports, data summaries, and the Hydrologic Characterization 

Report (EG&G, 1995). 

DESCRIPTIONS OF CONTAMINATED GROUNDWATER PLUMES 

4.2.1 881 Hillside Drum Storage Area Plume 

The 881 Hillside Drum Storage Area (IHSS 119.1) was in use from 1968 to December 1971. 

Primarily empty drums and scrap metal were stored at this location. Some of the drums had 

previously contained solvents and other organic chemicals. Other drums may have contained 

solvents or other organic chemicals contaminated with plutonium as the hotspots removed in 1994 

from this location had elevated plutonium levels. 

The OU 1 88 1 Hillside is located on a south facing hillside that slopes downward from Building 88 1 

to Woman Creek. The 881 Hillside is crossed by the South Interceptor Ditch (SID) which was 

designed to intercept surface water flow from the plant. In 1992, a French Drain was installed across 

the 881 Hillside to intercept contaminated UHSU groundwater suspected to be flowing down the 881 

Hillside. A 3-ft-diameter recovery well was installed in an area of known contaminated groundwater 

to recover water containing high levels of dissolved VOCs. 

Here, groundwater occurs in the unconsolidated surficial materials. The surficial materials and 

underlying 5 to 25 feet of weathered claystone are 100 to 10,000 times more permeable than the 

underlying unweathered limits the flux of groundwater into and through 

the unweathered 

Groundwater at the 881 Hillside does not exist within a continuous, homogenous, shallow aquifer 

system. The UHSU has a highly variable lithology and is not uniformly saturated across the Hillside. 

Large areas are dry, or contain water only in the Spring when water table elevations are & the 

highest. Groundwater is typically found in disconnected northwest-southeast trending paleochannels 

cut into the bedrock surface where there is a thicker section of colluvium and/or alluvium. D& areas 

appear to be coincident with bedrock highs and other areas with thinner sections of colluvium and/or 

uw 
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alluvium. The bedrock topograph-y andsur-fieiatdeposit thickness can be used to extrapolate where 
n \ 

groundwater flow may occur hase I11 RFIRI, 1 9 9 9  - 
Recharge to the UHSU is primarily through precipitation, with minor seepage from the Rocky Flats 

Alluvium. Discharge is primarily from evapotranspiration due to th-dry climate, slow 

percolation rates, and is enhanced by the south facing slope of the Hillside. Discharge also occurs to 

the French Drain, the recovery well, and to surface water. Several small seeps are found along 

Woman Creek and along slump boundaries where UHSU groundwater intersects the surface. 

e b * d 7  

Aquifer tests estimate the average flow velocity at 70 feet per year near the 881 Hillside Drum 

Storage Area. Hydraulic conductivities of the surficial materials range from 3 x lo” to 2 x 

cm/sec. The transmissivity of the UHSU was calculated as 1.2 x 10 m /sec, approximately 100 -6 2 

times less than what Driscoll(l989) considered sufficient to supply water for domestic or other low 

yield purposes. The volume of UHSU groundwater within the entire OU 1 88 1 Hillside Area was 

estimated at 5 acre-feet in April 1992. 

Groundwater data collected since the installation of the French Drain suggests that it is successful in 

collecting much of the UHSU groundwater. For example, the UHSU monitoring wells downgradient 

of the French Drain are generally dry, suggesting that the area has been dewatered (OU 1 Phase I11 

RFI/RI, 1994). 

The 881 Hillside drum storage area (IHSS 119.1) is the site of historic releases of chlorinated VOCs 

to the environment from drums stored at this location. These releases have resulted in the 

contamination of shallow alluvial groundwater which has formed a small contaminant plume 

extending about 300 feet to the south-southeast down the 881 Hillside along a paleochannel incised 

into the underlying weathered claystone. Unconsolidated sediments on both sides of this pluqe are 

unsaturated. 

The source of the groundwater contamination was further characterized during the 1996 field . 
program to obtain sufficient data to plan a source removal. The field investigation identified two 

potential source areas: one immediately east of the collection well and one 50 feet northwest of the 

collection well (figure a). The eastern source area underlies one of the radiological hot spots 
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removed in 1994. Both source areas could -have been caused by leakage from individual 

drums (Identification and Delineation of Contaminant Source Areas for Excavation Design Purposes, 

IHSS 119.1, OU 1, April 1996). 

The contaminants in the plume which exceed Tier I concentrations are primarily carbon 

tetrachloride, 1,l dichloroethene, tetrachloroethene, 1,1,1 -trichloroethane and t r ichloroetheneflx]  u 
B r o v i d e s  the range of concentrations in groundwater at this location. A small seep located south of 

IHSS 1 19. I and downgradient of the French Drain along Woman Creek was sampled once and this 

sample contained a trace amount of VOCs. It is not clear if the VOC concentrations in the seep 

water are related to the contaminant plume. 

The contaminated groundwater plume is upgradient of the French Drain and does not appear to be 

increasing in size. The recovery well is located within this plume and collects approximately 100 to 

150 gallons per day. This well appears to collect most of the contaminated groundwater originating 

from the contaminated groundwater plume. The French Drain remains in operation and continues to 

collect relatively uncontaminated groundwater which is treated at the Building 89 1 Consolidated 

Water Treatment Facility. The area immediately downgradient of the French Drain is unsaturated, 

indicating that the French Drain has dewatered much of the area. 

The preferred remedy for this plume is source removal which was mandated by the 1995 dispute 

resolution committee composed of DOE RFFO, EPA and CDPHE. A Record of Decision (ROD) is 

currently in progress which will establish a remedial action based on the Public Comments to the 

recommended alternative of source excavation presented in the Proposed Plan (DOE 1996). 

< 

4.2.2 Mound Site Plume 

The Mound Site was used for as a disposal site for approximately 1,405 drums from April 1954 to 

September 1958. Drums contained depleted uranium, beryllium, lathe coolant (about 70% hydraulic 

oil and 30% carbon tetrachloride) and tetrachloroethene. Plutonium contaminated waste was also 

stored at this location, but plutonium levels were below detection limits. After it was noted that 

some of the drums were leaking, the drums were removed along with visibly stained soil. In 

addition, radioactive soils were removed at later dates. 
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The OU2 Phase I1 RFI/RI investigation identified acetone, methylene chloride, tetrachloroethene, 

trichloroethene and cis- 1,3,-dichloropropene in the subsurface soils (OU 2 Phase I1 RFIM Rqport, 

1995). Characterization results indicate increasing concentrations of tetrachloroethene and 

trichloroethene to a depth of 20 feet and decreasing concentrations below that depth. The recent 

Mound investigation delineated the area of contamination as occurring near borehole 14295 and well 

1987, comprising approximately 400 cubic yards. (Mound Site Field Report September 1996) 

The Mound Site is located at the northern edge of the pediment where up to 12 feet of Rocky Flats 

Alluvium overlies fractured claystone of the Arapahoe Formation. The topography slopes steeply to 

the north away from the Mound Site towards the incised drainage of South Walnut Creek. The 

Arapahoe No. 1 Sandstone subcrops under the alluvium at the northwest corner of the Mound Site. 

This sandstone is truncated by the South Walnut Creek drainage and subcrops beneath the colluvium 

between the Mound Site and South Walnut Creek. 

In the vicinity of the Mound Site, the Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses or'beds. 

The hill slope below the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

Formation is covered with unconsolidated colluvium primarily composed of clay, or silty and/or 

sandy clay. Caliche is common in both alluvium and colluvium. On the slope, there are numerous 

slump features. 

Depth to groundwater is approximately 12 feet at the Mound Site (within the weathered bedrock), 

and unconsolidated materials are generally dry much of the year. Saturated alluvium occurs in 

bedrock lows and paleoscours in the top of the bedrock. The groundwater flow appears to be 

primarily along the bedrock surface and is probably controlled by small channels incised into the 

bedrock surface. Groundwater flows to the north through the No. 1 Sandstone until it subcrops 

beneath the colluvium, indicated by a line of seeps along the slope towards South Walnut Creek. 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x lo4 cm/sec. The 

cm/sec. The 

1 
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geometric mean for unweathered bedrock is 8 x 

groundwater into the underlying unweathered claystone is limited. 

cm/sec. Infiltration of precipitation or UHSU 

Recharge occurs primarily through local infiltration of precipitation. The Central Avenue Ditch runs 

along the southern boundary of the Mound Site and probably also recharges the UHSU groundwater 

in this area. Discharge from the UHSU is mostly through seeps located where the water bearing 

units are truncated by the South Walnut Creek, anckevapotranspiration. 
vb- 

The groundwater contaminant plume is poorly defined, but it is suspected to extend northward from 

the former location of the Mound Site, to a point of discharge along the south bank of South Walnut 

Creek, upstream of the RFETS Sewage Treatment Plant. Depending on the season, there may be 

many unsaturated areas within the plume. Dense nonaqueous phase liquids (DNAPLs) in the Mound 

Site area are suspected to be the source of the groundwater contamination. There is a possibility that 

Trench T-1 could contribute to this plume; however, dry wells between the Trench T-1 and the 

Mound Site indicate that.the Mound Site is the primary source of the contaminated groundwater 

plume. There is f%i4Z li e to n contribution from VOC contamination at the 903 Pad as upgradient wells - 
in both the No. 1 Sandstone and alluvium contain 0 to 2 ug/l total VOCs. 

Thirty-five VOCs were detected in the contaminated groundwater at the Mound Site. All except 

tetrachloroethene, trichloroethene, cis- 1,2-Dichloroethene and vinyl chloride were below 100 ug/l. 

Tetrachloroethene was the predominant contaminant with the highest concentration of 13,000 ug/l 

found at the Mound Site. The maximum concentration of cis- 1,2-DCE (2 14 ug/l) and trichloroethene 

(4 10 ug/l) was detected with the maximum tetrachloroethene value. Concentrations of these 

chemicals decrease towards South Walnut Creek. The maximum vinyl chloride concentration 

detected was 860 ug/l in a well along the South Walnut Creek drainage, indicating that this is a 

degradation product, not a primary constituent. 
l 

The contaminant plume is discharging through surface and subsurface seeps along the hillside, and 

along seeps on the south bank of South Walnut Creek. At seep SW059, groundwater containing low 

levels of VOCs with trace amounts of radionuclides discharges at a rate of 0.5 gallons per minute, or 

less. The seep is collected and treated at the Building 891 Combined Water Treatment Facility. 
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4.2.3 The 903 Pad and Ryan's Pit Plume 

This contaminant plume has two closely spaced sources: (1) VOCs associated with drums formerly 

stored at the 903 Storage Area, where the contents of the drums leaked into the subsurface and 

groundwater, and (2) Ryan's Pit where VOCs were disposed of in a trench. The 903 Pad was 

characterized as part of the OU 2 Phase I1 Resource Conservation and Recovery Act (RCRA) 

Facility Investigation/ Remedial Investigation (RFIM) (DOE 1995) and the following information 

was derived from that report. 1 

The 903 Pad area was used to store drums that contained radioactively contaminated oils and volatile 

organic compounds (VOCs) from the summer of 1958 to January 1967. Approximately three fourths 

of the drums contained plutonium-contaminated liquids while most of the remaining drums 

contained uranium-contaminated liquids. Of the drums containing plutonium, the liquid was 

primarily lathe coolant and carbon tetrachloride in varying proportions. Also stored in the drums 

were hydraulic oils, vacuum pump oils, trichloroethene, tetrachloroethene, silicone oils, and acetone 

still bottoms. 

Leaking drums were noted in 1964 during routine handling operations. The contents of the leaking 

drums were transferred to new drums, and the area was fenced to restrict access. When cleanup 

operations began in 1967, a total of 5,237 drums were at the drum storage site. Approximately 420 

drums leaked to some degree. Of these, an estimated 50 drums leaked their entire contents. The 

, 

2 

total amount of leaked material was estimated at around 5,000 gallons of contaminated liquid 

containing approximately 86 grams of plutonium. From 1968 through 1969, some of the 

radiologically contaminated material was removed, the surrounding area was regraded, and much of 

the area was covered by clean road base and an asphalt cap. 

Ryan's Pit, previously referred to as Trench T-2, is located approximately 150 feet south of the 903 

Pad. The dimensions of the pit are approximately 20 feet long, 10 feet wide, and five feet deep. The 

Pit was used as a waste disposal site from 1969 and 1971 for nonradioactive liquid chemical 

disposal. VOCs disposed at this location included tetrachloroethene, trichloroethene, and carbon 

tetrachloride. In addition to VOC disposal, paint thinner and small quantities of construction-related 

. 
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chemicals may also have been placed in Ryan’s Pit. According to historical data, only the liquids 

themselves were put in the pit; their containers were either reused or disposed of in other areas. 

1 

Materials placed in the Pit were supposedly screened for radionuclide activity prior to disposal. 

However, field investigations conducted in 1987 through 1993 do not substantiate this claim. The 

contaminated soils were removed from this site and treated during the 1995 removal action at Ryan’s 

Pit. Free phase tetrachloroethene and motor fuel constituents were found during this removal action. 

Free phase DNAPLs are also suspected to exist underneath the 903 Pad as high concentrations of 

VOCs are present in the groundwater (greater than 1% of the chemical’s solubility). 

The 903 Pad is located on the flat surface at the southern edge of the pediment. A south facing 

hillside slopes downward from the 903 Pad to the SID and Woman Creek. Ryan’s Pit is located on 

the hillside about 200 feet from the southern edge of the 903 Pad. In the 903 Pad area, the Rocky 

Flats Alluvium is 10 feet thick at the northwest comer of the Pad which is near a bedrock high, and 

25 feet thick at the southeast corner which is within.a bedrock channel. The 903 Pad is paved with 

asphalt, and there is artificial f i l l  present under the 903 Pad and over a large area to the south and 

east of the Pad. The Rocky Flats Alluvium consists of beds and lenses of poorly to moderatel) 

sorted clayey and silty gravels and sands interbedded with clay and silty lenses or beds. 

The Rocky Flats Alluvium is truncated by erosion and does not extend to the Ryan’s Pit area. The 

‘Ryan’s Pit area surficial deposits consist of reworked Rocky Flats Alluvium that has been transported 

down slope, along with other clay-rich colluvium deposits and fill material. Surficial deposits 

consist of colluvium between one and eight feet thick which is primarily clay, and silty or sandy 

clay. Caliche is common in both the alluvium and colluvium. Groundwater at Ryan’s Pit is between 

3 to 10 feet below ground surface. On the slope, there are numerous slump features with a large 

scarp face located between the 903 Pad and Ryan’s Pit. 

Bedrock in the 903 Pad and Ryan’s Pit area is primarily composed of weathered claystone of the 

Arapahoe and Laramie Formations. In addition, the Arapahoe No. 1 Sandstone subcrops under the 

alluvium at the extreme northwest comer of the 903 Pad. This sandstone is continuous with the 

Arapahoe No. 1 Sandstone at the Mound Site, where it is truncated by the South Walnut Creek 

drainage. The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 
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cm/sec. The geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x 1 O4 

cmhec. The geometric mean for unweathered bedrock is 8 x lo-* cmkec. Infiltration into the 

underlying unweathered claystone is limited. 

Groundwater flow is complex and is primarily controlled by bedrock surface features, interactions 

between geologic units, and variations in saturated thicknesses. Groundwater flow paths in alluvial 

materials in the 903 Pad and Ryan’s Pit area are relatively well-defined by contact seeps with the 

underlying bedrock materials and by numerous wells. However, groundwater flow through the 

hillside colluvium and bedrock is poorly understood. Areas of unsaturated colluvium are fairly 

common and prediction of local flow paths is difficult. Depending on the season, there may be many 

unsaturated areas within the plume. Discharge of contaminated groundwater has not been observed 

from the colluvium or weathered bedrock portion of this plume. 

’ 

2 

A large bedrock low (paleoscour) extends from the 903 Pad east and passes directly south of the 

Northeast Trenches. This paleoscour is bounded by bedrock highs to the north and south. The 

paleoscour directs groundwater flow to the east till it is truncated by the South Walnut Creek 

drainage where alluvial groundwater discharges into the head of a well developed gully. i. 

Groundwater flow from the 903 Pad towards the SID and Woman Creek also occurs, either by 

overtopping of the lower, southern bedrock high, or through breaks in the bedrock high. During dry 

periods, the bedrock highs restrict alluvial groundwater flow to the south and north. During wet 

periods, when the alluvial groundwater levels are very high, flow may overtop these barriers, 

primarily to the south. 

Groundwater flow in the colluvium follows north-south trending small paleochannels cut into the 

underlying bedrock claystone. One narrow paleochannel, approximately 150 to 300 feet wide, 

extends from the 903 Pad south through the Ryan’s Pit area. The areas surrounding these 

paleochannels is unsaturated. The southern extent of groundwater flow is not well defined due to 

lack of well control. . 

2 

Recharge is primarily from infiltration of precipitation along with some recharge from ditches and 

other surface water features. Wells located to the west of the 903 Pad are generally dry as alluvial 

groundwater inflow from the west is restricted by the claystone bedrock high just west of the 903 
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Pad. Unconsolidated materials within the medial portion of the paleoscour tend to be saturated, with 

the extent of saturation greatest during the Spring. Groundwater flow occurs through the No. 1 

Sandstone until it subcrops beneath the colluvium. Discharge is primarily to seeps located where the 

water bearing units are truncated by the South Walnut Creek drainage. All UHSU groundwater is 

discharged to seeps or into the colluvium. 

The 903 Pad and Ryan’s Pit Plume is defined as the lobe of contaminated groundwater that flows 

southward from these two source areas. This plume flows southward toward the SID and Woman 

‘Creek drainage. The lobe of contaminated groundwater which flows eastward from the 903 Pad is 

addressed as part of the East Trenches Plume. 

1 

Contaminated groundwater in the 903 Pad and Ryan’s Pit area is primarily confined to the alluvium . 

and colluvium. Total VOC concentrations for the Arapahoe No. 1 Sandstone are approximately 

2,500 ug/l adjacent to the west edge of the 903 Pad with concentrations at other locations less than 2 

ug/l or non-detects. Fifty-seven VOCs were detected in UHSU groundwater for this plume. 

However, the primary contaminants are carbon tetrachloride, tetrachloroethene, and trichloroethene. . 

The southern component of the contaminant plume derived from the 903 Pad contains total VOCs in 

the 5,000 ug/l range near the Pad, diminishing to 1,500 to 2,000 ug/l range upgradient of Ryan’s Pit. 

Downgradient of Ryan’s Pit, the total VOC concentration in groundwater ranges from 57,000 ug/l 

near the Pit to 5 ug/l near the distal end of the plume. The total VOC concentration in contaminated 

groundwater from the 903 Pad which does not also flow through the Ryan’s Pit source is also( 

estimated at 5 ug/l when it nears Woman Creek drainage. 

The highest concentrations of many VOC contaminants in the former OU 2 area are located within 

this plume. The highest concentration of tetrachloroethene (1 50,000 ug/l) was detected immediately 

downgradient of Ryan7s Pit and occurred with 1,l-dichloroethene at 380 ug/l. A well installed 

through the center of the 903 Pad contained concentrations of carbon tetrachloride in groundwater at 

20,000 ug/l, chloroform at 39,000 ug/l and methylene chloride at 35,000 ugh. A well installed 

though the northeast corner of the Pad detected tetrachloroethene at 14,000 ug/l. The highest 

concentrations of VOCs in groundwater arepear the 903 Pad and Ryan‘s Pit sources, although wells 

with VOC concentrations exceeding Tier I levels have been observed within the plume away from 

these sources. 

4-12 
1 



RIVER-95-0121. UV 
Drafr Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

Contaminated groundwater containing tetrachloroethene and trichloroethene may eventually enter 

the South Interceptor Ditch and Woman Creek surface water pathways if no actions are taken to 

manage this plume. Discharge of contaminated groundwater into Woman Creek would pose a 

potential risk to the environment. Collection and treatment of contaminated groundwater from the 

903 Pad and Ryan's Pit plume will reduce the risk to the environment posed by uncontrolled releases 

to surface water. 

t 

, 4.2.4 Carbon Tetrachloride Spill Plume 

The Carbon Tetrachloride Spill (IHSS 1 18.1) is located due north of Building 776 and east of 

Building 730. While there are other IHSSs that overlap IHSS 118.1, (IHSSs 121-Tank 9, 121-Tank 

10, 131, and 144[N]), the contamination in the area is primarily related to the carbon tetrachloride 

spills. 

IHSS 118.1 is the site where an underground, 5,000-gallon, carbon tetrachloride steel storage tank 

and the associated piping were formerly located. The tank was installed prior to 1970, and probably 

began leaking shortly after installation. Numerous spills occurred before 1970, some between 100 to 

200 gallons (HRR DOE 1992b). The tank ultimately failed in June 1981, releasing carbon 

tetrachloride into the containment structure. The carbon tetrachloride was pumped from the 

containment structure to the surrounding ground surface, and the tank was removed along with a 

limited amount of soil surrounding the tank. The surrounding concrete containment structure was 

probably removed at this time also, but this has not been verified. 

The surrounding area has numerous underground and overhead utilities and structures. These 

include clay sanitary sewer lines, electrical lines, tunnels between buildings, process waste lines and 

process waste tanks. Immediately east and partially overlapping this site is a group of four process 

waste tanks oriented east-west, tank groups T-9 and T- 10. T-9 consists of two 22,500 gallon 

underground concrete storage tanks. T- 10 consists of two 4,500 gallon concrete underground tanks. 7 ,,r$ ' 
Both sets of tanks were installed in 1955, but are no longer used as process waste tanks. T-9 rs 

currently being ut.ilized as plenum deluge catch tanks for Building 776. No releases from either set 

has been documented (OU 9 data summary 1995). 
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Due to past construction activities in this area, the material overlying the claystone bedrock is 

predominantly fill material, probably derived from the Rocky Flats Alluvium, along with some . 

remaining undisturbed Rocky Flats Alluvium. The Rocky Flats Alluvium consists of unconsolidated 

gravels, sands and clays with discontinuous lenses of clay silt and sand. The geometric mean for the 

hydraulic conductivity of the Rocky Flats Alluvium is 2.06 x lo4 cm/sec. 

The recent IA investigation found free product in the subsurface soil and groundwater related to 

IHSS 1 18.1. All four of the soil borings drilled around T-9 and T-10 intercepted free-phase carbon 

tetrachloride (OU 9 data summary 1995). When a water sample was collected at this location, the 

liquid separated into two distinct phases. Other VOCs may be present, but the high concentrations of 

carbon tetrachloride may mask their detection. The top of bedrock surface prior to constructidn of 

Building 77 1 sloped to the northeast. Excavation during construction of this building altered this 

surface as the claystone surface was found 10 feet or more below where it was expected during the 

recent field investigations. Excavation may have either increased the slope of the bedrock surface, or 

created a bedrock low closed by the building. The bedrock in this area is claystone which limits 

vertical migration of the carbon tetrachloride. As carbon tetrachloride sinks to the lowest possible 

depth, the bedrock surface, building footing drains, and subsurface structures probably control the 

extent of the free-product plume and much of the dissolved phase portion of the contaminated 

groundwater plume. 

Groundwater flow in this area is to the northeast towards Buildings 771 and 774 where there are 

known footing drains. Buildings 701 and 730 are not believed to have subsurface structures. 

Monitoring wells in the area contain carbon tetrachloride in the groundwater which indicates that a 

dissolved plume is present in the groundwater. This contaminated groundwater plume may 
~ 

eventually reach the North Walnut Creek drainage, especially after removal of the surrounding 

buildings. 

Carbon tetrachloride and trichloroethene concentrations have been detected in a downgradient well 

completed in the Arapahoe No. 1 Sandstone at the western edge of the Solar Ponds, due east of IHSS 

118.1. Carbon tetrachloride concentrations range from approximately 1,000 to 21,000 ug/l and the 

trichloroethene concentrations range from 2,000 to 8,000 ug/l. The concentrations fluctuate greatly 
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over time, but there is a general decreasing trend. The carbon tetrachloride spill is believed to be the 

source of this contamination and these contaminants indicate that there is some eastward movement 

of the dissolved phase of the plume. The decreasing trend over time may be a result of the VOCs in 

the vadose zone at the time of the spill, and settling to the bedrock surface, less in contact with 

groundwater over time. &.\u&:y 04 W#Jpf  ~IQi  I lGqa"P 

The Solar Ponds area is in hydraulic connection with subcropping Arapahoe No. 1 Sandstone (which 

could act as a conduit for the dissolved phase carbon tetrachloride plume. However, this sandstone is 

not known to subcrop or outcrop in drainages, and it appears that the risk to surface water is minimal. 

4.2.5 East Trenches Plume 

A large plume of contaminated groundwater is located in the East Trenches area, primarily 

associated with the trenches on the north side of the East Access Road. These trenches are known as 

the Northeast Trenches and include Trenches T-3, T-4, T- 10 and T- 1 1. Upgradient wells indicate a 

component of the contaminated groundwater in this area is derived from the VOC contamination in 

the 903 Pad (see section 4.2.3). However, the VOC concentrations in groundwater increase over 100 

times after the groundwater passes through Trenches T-3 (IHSS 110) and T-4 (IHSS 11 l.l),  

indicating a VOC source is present. 

rench T-3 is located approximately 300 feet north of the East Access Road and immediately west of 
1 

Trench T-4. Trench T-3 is approximately 134 feet long, 20 feet wide and 10 feet deep (HRR). 

Trench T-4 is approximately 1 10 feet long, 15 feet wide, and 10 feet deep (Trenches and Mound Site 

Report, RF/ER-96-00044.UN, RMRS 1996). The trenches were reportedly used 

sometime between 1954 to 1968 for disposal of sanitary sewage sludge, potentially contaminated 

with uranium and plutonium, and flattened empty drums contaminated with uranium. The trenches 

are also known to contain DNAPLs, crushed drums, and other miscellaneous waste. Activities of the 

trench material are below the WETS soil put-back levels. ' L bG[.w)c 5-0 s o i ( C  -'T'eru 
- 

&b"k w tYUr.16 

Trench T-3 and T-4 are located at the northern edge of the pediment where up to 18 feet of Rocky 

Flats Alluvium overlies fractured claystone and the No. 1 Sandstone of the Arapahoe Formation. 
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Creek. Both the alluvium and the Arapahoe No. 1 Sandstone are truncated by the South Walnut 

Creek drainage. 
I 

The unconsolidated surficial deposits consist of the Rocky Flats Alluvium and artificial fill in the 

trenches and are generally dry. The Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses or beds. 

Thickness of the alluvium is approximately 18 feet at Trench T-4 and 16 feet at Trench T-3. Below 

the outcrop of the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

Formation, the slope is covered with unconsolidated colluvium primarily composed of clay, or silty 

and sandy clay. Caliche is common in both alluvium and colluvium. On the slope, there are 

numerous slump features. 

Underlying the alluvium to the north of the trenches is the continuation of the claystone bedrock high 

from the 903 Pad area. The center of the associated paleoscour runs beneath Trenches T- 1 1 and T- 
10 to the south of Trenches T-3 and T-4. This feature directs the surficial groundwater flow to the 

east, away from South Walnut Creek. However, the Arapahoe No. 1 Sandstone subcrops beneath the 

eastern portion of trench T-3 and most of Trench T-4. This fluvial sandstone is incised into the 

surrounding bedrock claystone and consists of sandstone, clayey sandstone, and silty sandstone. The 

channel of the Arapahoe Formation No. 1 Sandstone is approximately 40 feet thick and mostly 

saturated. Groundwater flow is generally unconfined, and flow within the channel is northward 

towards South Walnut Creek (EG&G 1995~).  The sandstone subcrops beneath the colluvium 

between the trenches and South Walnut Creek at a spring and seep complex. 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

geometric mean for the Arapahoe No. 1 Sandstone hydraulic conductivity is 7 x lo4 cm/sec and the 

geometric mean for unweathered bedrock is 8 x lo-' cm/sec. Infiltration into the underlying 

unweathered claystone is limited. 

cm/sec. The 

Recharge of the Rocky Flats Alluvium is primarily through infiltration of precipitation, and 

upgradient flow from within the paleoscour. Recharge to the No. 1 Sandstone is from infiltration of 
I 

'precipitation through the surficial deposits, and some flow from upgradient. Discharge is primarily 
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to seeps and springs located where the water bearing units are truncated by South Walnut Creek, and 

by evapotranspiration. 

Contaminated groundwater occurs in the alluvium and in the No. 1 Sandstone that is in hydraulic 

connection with the alluvium. While 27 VOCs were detected within the UHSU groundwater, the 

majority were detected at concentrations below 100 ug/l. The major contaminants are 

trichloroethene (maximum value of 94,000 ug/l), carbon tetrachloride (maximum value of 4,500 

ug/l), and tetrachloroethene (maximum value of 1,000 @I). During the Soil Vapor Extraction Pilot 

Test Project, stratified water/NAPL samples were collected and analyzed from Trench T-3. 

Extremely high levels of VOCs were recorded, up to 37,000,000 ug/l for tetrachloioethene along 

with semivolatiles, petroleum compounds, and uranium-238 at concentrations up to 3,240 pCi/g (OU 

2 Phase I1 RFI/RI, October 1995). In addition, during drilling activities, tetrachloroethene and 

trichloroethene were detected at concentrations of 12,000 and 1,000 ugkg in Trench T-4. 

The downgradient boundary of the contaminant plume is located at a spring and seep complex on the 

south bank of South Walnut Creek, above Ponds B- 1 and B-2, where the No. 1 Sandstone subcrops. 

Concentrations of VOCs above 100 x MCLs have been detected by a recent sampling program 

conducted at the seep complex. There are potential ecological impacts because water from the 

contaminant plume containing tetrachloroethene and trichloroethene has reached South Walnut 

Creek. If concentrations in the seep complex increase over time, a greater contaminant mass may 

reach surface water. 

A lobe of this contaminant plume extends to the east of the East Trenches area along the paleoscour 

cut into the bedrock surface. However, contaminated groundwater has not reached surface water. 

Uncontaminated alluvial groundwater discharges downgradient of this lobe as seeps in an unnamed 

tributary drainage to South Walnut Creek. This groundwater will continue to be monitored ensure 

that contaminated groundwater from this lobe does not impact surface water. 

4.2.6 IA Plume 

Several sources in the I A  contribute trichloroethene, tetrachloroethene, and carbon tetrachloride to 

the contaminated groundwater plume in the IA. The plume is defined based on a small number of 
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wells, and is thought to be principally confined to the east central side of the plant. It is not clear 

whether it is a large coalesced plume, or discrete areas of contaminated groundwater closely 

associated with individual source areas. The contaminated groundwater plume is outside of the 

fenced portion of the protected area (PA) and extends downgradient towards the central portion of 

the IA. Primary contaminant sources are described below. 

IHSSs 117.1 was used as a general storage yard from before 1959 to the early 1970s and is IoLated 

northeast of Building 55 1 (DOE, 1992b). The IA field investigations found elevated levels of 

tetrachloroethene (2,200 ug/l) during the soil gas survey, with less than 20 ug/l concentrations of 

trichloroethene and carbon tetrachloride and cis- 1,2-dichIoroethene. Elevated benzene, toluene, 

ethylbenzene and xylene (BTEX) levels are present in the southwest edge of the IHSS (OU 13 data 

summary). 

IHSS 117.2, located east of Building 55 1, was used as a chemical storage site from prior to 1971 

until approximately 1988. This site was used 

metal. Minor leaks and spills occurred. 

presence of elevated levels of 1,l-dichlorethene (2,700 ug/l) along with concentrations above 100 

ug/l for vinyl chloride, cis- 1,2 dichloroethene, trans- 1 ,2-dichloroethene, trichloroethene, and 

tetrachloroethene. Elevated concentrations of BTEX are also present (OU 13 data summary). 

store acids, oils, soaps, solvents, and beryllium scrap 

) he IA field investigations have determined the (63 

t 

There have been numerous carbon tetrachloride spills within Building 776, and under building 

contamination is suspected. This building may be the source of downgradient low level 

concentrations of carbon tetrachloride in groundwater. 
7 ' 

5. +L.++ i -c * h a  c7&<ib 

The IHSS 157.1 is adjacent to the Building 442 Laundry. Very low level concentrations (below 5 

ug/l) of tetrachloroethene (PCE) were detected at this location (OU13 data summary). 

IHSS 158 is an area where waste boxes were staged and loaded onto rail cars. This area is 

considered a radioactive site, and is located north of Building 55 1.  Soil gas surveys found 

concentrations above 100 ug/l for vinyl chloride, toluene, and BTEX at this location (OU13 data 

summary). 
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IHSS 160 is a parking lot on the west side of Building 444. Drummed and boxed waste were stored 

at this location prior to paving, and leaked (HRR). The soil gas survey detected tetrachloroeQene at 

99 ug/l at this location. Concentrations less than 10 ug/l each of toluene, acetone, and benzene are 

also present (OU 14 Data Summary 1995). 

IHSS 171 is a training area for fire department personnel. In the past, diesel, gasoline and possibly 

waste solvents were ignited for fire fighting training purposes. The area is currently in use, and a 

metal tree is used for burning propane for training. Large volumes of water are used during training 

whicpnd! to accelerate migration of any contaminant plume. As expected, large concentrations of 

BTEX are present in the subsurface soils. Soil gas samples do not indicate high concentrations of 

VOCs. However, dbring drilling of a geoprobe hole in this IHSS, the rod came up coated with a 

brown liquid. Unfortunately, a sample could not be collected for analysis. It is possible that free 

product VOC does exist at this location (OU 13 data summary). 

The hydrogeology of the IA has not been as extensively studied as other areas at WETS. The 

Hydrogeologic Characterization Report (EG&G 1995) was the primary source for the followihg 

hydrogeologic information. The IA is located on a pediment capped by the Rocky Flats Alluvium. 

The pediment has been eroded at the sides to expose the underlying claystone of the Arapahoe and 

Laramie Formations. The Rocky Flats Alluvium consists of unconsolidated gravels, sands and clays 

with discontinuous lenses of clay silt and sand. Fill material is abundant and usually consists of 

reworked Rocky Flats Alluvium. The geometric mean for the hydraulic conductivity of the Rocky 

Flats Alluvium is 2.06 x cm/sec. 

Groundwater occurs under unconfined conditions and flow is generally controlled by the topography 

of the underlying bedrock surface. Groundwater flow direction in the IA is generally eastward, with 

groundwater in the northern sections flowing to the northeast. Several building footing drain 

systems locally impact groundwater flow. Small bedrock channels are known to occur which direct 

the groundwater flow. 

Z 

The IA groundwater plume is greatly influenced by the WETS infrastructure. Groundwater 

recharge in the IA is from upgradient flow, infiltration of precipitation and substantial water losses 
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from sewers and water-supply pipelines. Reduction of recharge from these sources could 

significantly reduce the potential for contaminant migration in the subsurface. 

The saturated thickness in the IA is typically 5 feet or less, with the greatest saturated thicknesses in 

the western part of the IA, decreasing to less than 5 feet in the eastern half of the IA. There are many 

unsaturated zones, particularly in the eastern half of the IA. These unsaturated areas are controlled 

by the bedrock, with bedrock‘highs generally dry. The decrease in saturated thickness in the eastern 

half of the IA may be caused by impermeable areas, such as parking lots and buildings, which 

greatly limit infiltration. Approximately 190 of 438 acres within the IA are covered by impermeable 

material. As a result, a greater amount of storm water runoff is channeled to permeable areas and 

may account for the large variations in saturated thickness. .A. .r=&wj* 
& 

Discharge from the IA is probably primarily to building footing drains, engineered structures such as 

the OU 1 French Drain and the Solar Ponds Interceptor Trench System, and potentially to seeps at 

the boundary of the IA. Both the Interceptor Trench and OU 1 French Drain have removed sufficient 

water from the surficial deposits to cause these to be locally unsaturated. Infiltration of groundwater 

into the underlying bedrock is generally limited due to the low hydraulic conductivity of the 

unweathered bedrock. 

The IA groundwater contaminant plume extent is also controlled by interception of the plume by 

building footing drains and by the increased permeability and hydraulic conductivity through buried 

utility corridors. Full understanding of the migration of this plume depends on knowing how the 

various buildings, utility corridors, and sources interact. Unfortunately, there is insufficient 

knowledge of these factors to completely determine the configuration of this plume. 
< 

Figur X hows the average concentrations of VOC contaminants in the groundwater wells, and the 

probable contaminant sources. Treatment of contaminated groundwater within the IA does not 

appear to be necessary to protect surface water, because of the limited potential for migration. 

However, ongoing monitoring and evaluation of the groundwater will continue, to detect any 

possible movement or expansion of the plume. Groundwater remedial actions may become 

necessary if the contaminant plumes expand, migrate significantly or become a threat to surface 

water. Actions such as removal of buildings, removal of subsurface structures, and placing 

0 
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impermeable caps over areas must be examined to determine whether these will increase the 

movement of the contaminated groundwater plume. Controls may be required if increased 

groundwater contaminant plume movement results from these actions. 

4.2.7 Additional Plumes and Areas of Contaminated Groundwater 

There are several areas where there are sporadic occurrences of VOC contaminated groundwafer, or 

where there are contaminant plumes with VOC concentrations less than 100 x MCLs. Contaminant 

plumes in the Present Landfill and Solar Ponds groundwater do not contain VOC concentrations 

greater than 100 x MCLs. However, these plumes afe of interest because they are associated with 

RCRA units. In addition, a widespread but diffuse VOC plume is located near the PU&D Yard west 

of the Present Landfill. The setting and status of many of these plumes and occurrences are 

discussed below. 

Present Landfill Plume 

Operation of the Present Landfill (IHSS 114) for disposal of nonradioactive solid waste began in 

1968 and will continue until the new landfill opens, or another method of waste disposal is available. 

The landfill covers an area of approximately 27 acres. The total volume of landfill material is 

approximately 415,000 cubic yards and consists of approximately 291,000 cubic yards of waste and 

124,000 cubic yards of daily soil cover. < 

Elevated tritium and strontium concentrations,were detected in leachate draining from the landfill in 
'74 w&-:-J' 

1973. To control the migratiom interim response actions were taken. Interim response activities 

included construction of a surface-water diversion ditch around the perimeter of the landfill, two 

detention ponds immediately east of the landfill (West Landfill Pond and East Landfill Pond), a 

subsurface intercept system for diverting groundwater around the landfill and a subsurface leachate 

collection system. Between 1977 and 198 1 , the leachate collection and groundwater intercept 

system was buried beneath waste during landfill expansion. The lateral expansion of waste 

placement resulted in waste being located beyond the extent of the subsurface drains to the north and 

south. In 1982, two soil bentonite slurry walls were constructed to prevent groundwater migration 

into the expanded landfill area. 
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Leachate is a product of natural biodegradation, infiltration, precipitation, and migration of 

groundwater through waste. Approximately 5,756,000 gallons of leachate are present in landfill 

debris within the intercept system and above the unweathered claystone bedrock which is considered 

the underlying confining unit. The saturated thickness of surficial materials is greatest near the 

center of the landfill which suggests that recharge may be occurring by groundwater flow under or 

through the north groundwater intercept system (figure 4.2.7- 1). Groundwater inflow may be 

occurring where the groundwater intercept system is not keyed into bedrock. Although an area of 

the south slurry wall is also not keyed into bedrock, well data indicates that it is effective in diverting 

groundwater. 

During the Phase I.RIRFI investigation, 38 discrete groundwater samples were taken. In addition, 

1990-1993 monitoring well data from 52 wells were used as the basis for determination of 

preliminary contaminants of concern. Groundwater in the UHSU at OU 7 contained metals, 

radionuclides, organic constituents and nitrates at concentrations higher than background (EG&G 

1994). 

The highest concentration of chlorinated hydrocarbons occurred in groundwater upgradient of the 

landfill. VOC contamination upgradient is composed entirely of chlorinated hydrocarbons. In 

contrast, average BTEX concentrations were highest in leachate collected from within the landfill. 

The BTEX compounds were not detected in upgradient groundwater. Different types of VOC 

contamination are presented within the landfill and upgradient (southwest) of the landfill, suggesting 

that a distinct source of VOC contamination is present upgradient of the landfill. 

Two separate groundwater plumes exist in the vicinity of OU 7. The plume from the landfill source 

is located west of the landfill and is migrating down the No Name Gulch drainage. A second plume 

from an unknown source upgradient of the landfill is located in the groundwater south of the current 

landfill. The second plume is diverted around the southern slurry wall and then possibly migrates to 

the No Name Gulch drainage and/or Walnut Creek. A groundwater divide is located approximately 

500 feet south of the southern slurry wall. Antimony, iron, manganese, tritium, uranium-238, 

chloromethane, ethylbenzene, and vinyl chloride concentrations in the groundwater exceed the 

Groundwater Tier I1 Action Levels. Because of the proximity to No Name Gulch, monitoring and 

further evaluation is required. 2 
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Solar Ponds Nitrate Plume 

The Solar Evaporation Ponds (SEPs) consists of five surface water impoundments. From 1953 to 

1986, these were used to store and evaporate radioactive process wastes and neutralized acidic 

process wastes containing high levels of nitrate and aluminum hydroxide. The materials placed into 

the SEPs included radioactively contaminated aluminum scrap metal, alcohol wash solutions, drums 

of waste radiography solutions, leachate from the Present Landfill, treated sanitary effluent, 

groundwater intercepted from the Interceptor Trench System (ITS), salt water solutions, wash water 

from the decontamination of production personnel, cyanide wastes, acid wastes and miscellaneous 

other compounds (OU 4 Proposed IMRA-EA Decision Document, February 10, 1995). Removal of 

pond sludge began in June 1985 and was completed for all SEPs by January 1995. 4 

The SEPs are on the eastern boundary of the pediment capped by the Rocky Flats Alluvium. 

Streams have eroded the pediment to the north and south with topographic relief of 50 to 100 feet. 

Much of the surficial deposits have been disturbed by construction of the SEPs, the ITS, nearby 

buildings and other infrastructure, however, borehole logs suggest that undisturbed Rocky Flats 

Alluvium often occurs below the disturbed ground. 

Thickness of the unconsolidated material ranges from 0 to 25 feet, and averages about 10 feet. The 

Rocky Flats Alluvium overlies over the erosional bedrock surface and consist of poorly to 

moderately sorted gravel, sand, silt and clay with boulder to pebble size clasts derived from the 

nearby Front Range. Artificial f i l l  was used as for road grade fill, berm construction, recontouring 

around engineered structures, and to f i l l  in lows for the surface impoundments. Fill consisted of 

reworked Rocky Flats Alluvium with imported offsite materials including crushed rock, plus sandy 

clay and gravel with fragments of concrete rubble. The Arapahoe Formation unconformably 

underlies the Rocky Flats Alluvium and f i l l  materials. Claystone is the predominant subcropping 

lithology, but the No. 1 Sandstone subcrops in the vicinity of South Walnut Creek. 

t 

The shallow, unconfined groundwater occurs in unconsolidated surficial material and fractures in the 

underlying bedrock and the potentiometric surface generally mimics the surface topography. 

General flow direction is to the northeast under the SEPs. A bedrock high trending east west under 

the SEPs diverts the northern flow to the north-northeast towards North Walnut Creek, and the 
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southern flow to the east-southeast towards South Walnut Creek. Unsaturated areas are present over 

a large part of the area, in part due to the ITS. However, unsaturated areas to the south and east are 

not impacted by the ITS. The saturated thickness varies from 0 to 5 feet over most of the area, and is 

thinner along topographic highs, or on slopes where there are thin alluvium or colluvium deposits. 

Along North and South Walnut Creek, the saturated interval can be as much as 10 feet thick. 

< 

Hydraulic conductivity for the Rocky Flats Alluvium in this area is around 10‘’ cdsec.  No data 

were given for the fil l  material. The hydraulic conductivities for the subcropping bedrock claystone 

ranges from lo-’ to 1 Oe9 cm/sec. The hydraulic conductivities for the subcropping bedrock sandstone 

ranges from 1 O-’ to 1 O‘6 cm/sec (OU 4 Solar Evaporation Ponds Phase I1 Ground Water Investigation 

Final Field Program Report DOE February 1996). 

/ 
There is a large UHSU nitrate plume that 

Walnut Creek drainage above Pond A-1 . 

short distance. While the primary nitrate 

plume still contains nitrates at 

within the plume are 

and east from the Solar Ponds to the North 

nitrate plume extends to the southwest for a 

removed for several years, this contaminant 

MCLs. However, nitrate concentrations 

Trench System (ITS) was installed to 

intercept contaminants and capture the nitrate plume and was replumbed in 1993 to increase its 

effectiveness. The ITS captures approximately 2.7 million gallons of water per year, but is not 

entirely effective in preventing nitrate contamination from impacting the North Walnut Creek( 

drainage (DOE 1994). 

VOC concentrations are present in the groundwater at the western edge of the Solar Ponds Area. 

These are most likely related to the carbon tetrachloride spill from IHSS 11 8.1 discussed earlier. 

Carbon tetrachloride is present at well P210189, completed in the 4 feet of silty sandstone believed 

to be the Arapahoe No. 1 Sandstone, at concentrations of 4,700 ug/l , tetrachloroethene at 1981 ug/l 

and trichloroethene at 2,200 ug/l. The extent of the contamination in the sandstone is unknown due 

to lack of well control. However, the other wells completed in this sandstone in the Solar Ponds area 

do not contain VOC contaminated groundwater. This sandstone does not appear to subcrop in the 

North Walnut drainage, and therefore does not provide a pathway to surface water. Uranium is also 

found in the Solar Ponds contaminated groundwater plume. 

5 h,u&d 
,-us&? 
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PU&D Yard Plume 

The PU&D Yard has been used since 1974 to store drums, cargo boxes and dumpsters. The PU&D 

Yard is located northwest of the industrial area in an area approximately 225 feet by 830 feet. 

Materials known to have been stored there include spent batteries, metal shavings coated with lathe 

coolant, and drums of spent solvents such as paint thinners and waste oils. Drummed hazardous 

material was also transferred in this area. Contamination exists from historical spills associated with 

past hazardous material transfer operations and storage at the site. Releases of battery acids and 

leaks from dumpsters and drums of spent solvents and waste oils have been reported. 

The PU&D storage yard is underlain by the Rocky Flats alluvium which is approximately 25-30 feet 

thick in the vicinity. The alluvium is underlain by Arapahoe Formation claystone. Groundwater in 

this area flows to the east through the UHSU materials mimicking the surface topography. 

Recent soil gas investigations have verified the presence of volatile organic compounds in the vadose 

zone, concentrated just outside the east and northern boundary of the PU&D storage yard. Organics, 

metals, and radionuclides have also been detected in surface soils (OU 10 data summary). However, 

subsurface investigations of the soil and groundwater have not been conducted. 

1 

An area of poorly defined, contaminated groundwater, with VOC concentrations slightly above the 

MCLs, is located downgradient of the PU&D Yard, and upgradient and to the south of the Present 

Landfill. Further investigation is required to identify the source or determine whether there is an 

impact to surface water quality. 

Other 881 Hillside Groundwater Contamination 

There are several one-time detects of VOCs in groundwater along the 88 1 Hillside. These do not 

seem to be related to a source, and may be more related to the problems of detecting very low levels 

of VOCs. In addition, there are two areas where contaminated groundwater has been identified, but 

where no action is required. Immediately adjacent to Building 881, there are sporadic detects of low 
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concentrations of chlorinated solvents in groundwater. This suggests that several, small point 

sources may exist in this area related to building operations. 

The UHSU monitoring wells within the IHSS 119.2 drum storage area are dry or do not detect 

VOCs. However, there are infrequent detects of VOCs in groundwater sampled from two wells 

located within the drainage downgradient from IHSS 119.2. The source of these sporadic VOC 

detections may be the volatile plume derived from the 903 Pad. 

In addition to the VOC contamination, the 881 Hillside groundwater contains selenium and 

vanadium at above background levels. Neither of these elements is a documented WETS waste, nor 

requires remedial action to protect surface water. 
/ 

2 

Old Landfill Groundwater Contamination 

The Old Landfill was in operation from 1952 to 1968 and was used to dispose of around 2 million 

cubic feet of miscellaneous WETS waste. Accurate and verifiable records of the material placed 

into this landfill are not available, but all of the waste material was considered non-hazardous at the 

time. However, paint, solvents, paint thinners, oil, pesticides, and cleaning agents were placed in the 

landfill as these were not considered hazardous in 1968. The landfill also received some beryllium, 

depleted uranium, and used graphite. The Old Landfill does not have a liner, but the underlying 

unweathered claystone has a permeability of IO-’ to 

cover sometime after 1968 and prior to 1980 (OU5 Phase I RFIM Report, April 1996). 

cdsec .  The landfill was closed with a soil 

Groundwater occurs in the surficial deposits, primarily in the landfill material and alluvium. pi large 

number of groundwater samples were collected during the OU5 WI/RI investigation from wells, 

hydropunch samples from boreholes, and one-time samples from well points. The groundwater 

COCs identified by the OU 5 risk assessment for the Old Landfill are barium, manganese and 

radium, however, these do not correlate well with the waste disposed at this site. There are two 

small areas of VOC contaminated groundwater in the Old Landfill area. One area is associated with 

subsurface soil gas anomalies, and the other area is upgradient of the Old Landfill, probably related 

to the IA plume (section 4.2.6). 

, 
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The OU5 RFI/RI soil gas investigation (DOE 1996) located two, small, subsurface soil anomalies at 

the Old Landfill. One area is,approximately 50 feet by 50 feet with trichloroethene and l , l , l -  

trichloroethene, and the other is about 64 feet by 64 feet with tetrachloroethene and trichloroethene. 

Trichloroethene (maximum concentration of 19 ug/l) is sporadically detected in groundwater at one 

of the wells associated with the larger anomaly. There are no VOCs in groundwater associate$ with 

the other anomaly. 

One well upgradient of the Old Landfill (P416789) has had three historica1,detects of TCE. This 

well is probably detecting contaminated groundwater from the Industrial Area Plume. Seep samples 

from a location immediately downgradient of this well also contained trace amounts of VOCs. 

Walnut Creek Drainage Groundwater Contamination 

There are several wells in the area of the OU 6 trenches (IHSSs 166.1, 166.2 and 166.3) where low- 

level VOC and metal groundwater contamination is detected. Neither the subsurface soil samples 

taken from the OU 6 trench area nor the wells within the nearby Present Landfill contain the same 

contaminants found in the groundwater, and the OU 6 wells are located outside of the Present 

Landfill slurry wall. However, wells upgradient of the Present Landfill and outside of the slurry 

wall do exhibit similar contaminants and concentrations (see PU&D Yard plume above) (OU 6 

RFI/RI Report, February 1996 and EG&G, 1994). 

There several theories for the occurrence of these low levels of VOCs and metals (OU 6 RFIRI): 

e The trenches (IHSSs 166.1 to 166.3) may be the source of contamination and the field 

investigation did not detect these sources, . .  

0 

The Present Landfill is the source, and the southern intercept wall is inadequate, 

Wastes may have been emplaced beyond the southern slurry wall, or 

Contamination is derived from a source upgradient of the Present Landfill, potentially the PU&D 

yard. 

It is most likely that the contamination has migrated from a source upgradient of the Present 

Landfill. 

2!5 September I996 4-27 



RWER-95-0121. tJN 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 
< 

4.3 CLEANUP ALTERNATIVES 

The goal of this Groundwater Conceptual Plan is to manage and/or cleanup groundwater in order to 

be protective of surface water quality. The proposed cleanup of contaminated groundwater involves 

source removal or source containment, with treatment or management of the contaminated 

groundwater, to achieve this goal. Conceptual remedies for each major contaminant plume were 

developed by assessing the available technologies, and proposing a cost-effective, readily available 

technology. 

Both active and passive remedial actions were initially considered. Active treatment actions such as 

pump-and-treat methods are well-known and accepted, but typically have high operation and 

maintenance costs, can have a negative impact on wetlands, may consume groundwater, have limited 

application,in clayey aquifers, and are relatively inefficient for DNAPL source removal. Passive 

treatment actions include passive collection of groundwater with ex situ or in situ treatment. These 

systems may have higher initial capital costs, but have lower operation and maintenance costs, low 

energy consumption, no water consumption, and reduced equipment requirements. Passive treatment 

will collect DNAPL contaminated groundwater, but also will not remove the source. 

< 

The pump-and-treat methodology is commonly used and accepted. EPA has identified the pump- 

and-treat methodology as one of the most frequently used methods for groundwater remediation, but 

recognizes that pump-and-treat methods may require decades of potentially expensive operations to 

achieve cleanup levels (EPA 1992). A preliminary analysis was performed on the potential 

effectiveness of pump-and-treat methods at WETS. The analysis concluded that pump-and-treat 

I 

methods would not be an effective treatment for most contaminant plumes at WETS, based on the 

following: 

0 Neither the UHSU nor the LHSU are capable of producing significant quantities of wpter, 

, because both have a relatively large clay content. 

0 Aquifer tests conducted at WETS show that, for the most part, aquifer yields are low, 

ranging from 0.000006 gpm to 12 gpm, with an average of 0.3 gpm (EG&G 1995b). 
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0 Factors limiting water production within the UHSU include relatively thin saturated 

thicknesses and the presence of broad areas that become unsaturated during the fall and early 

winter (EG&G 1995b). 

e Surficial deposits at WETS have hydraulic conductivities in the 1 0-3 to 1 O4 cm/sec range, 

whereas weathered and unweathered claystone bedrock have hydraulic conductivities in the 

cm/sec range. The valley-fill alluvium is the most permeable unit, but no contaminant 

sources are known to be present in this unit. < 

e Due to the relatively low permeability of the geologic units at WETS, cones of depression 

induced by groundwater removal would typically have very steep gradients, requiring a large 

number of closely spaced wells to effectively implement pump-and-treat remediation. 

0 Upgradient extraction of groundwater may adversely impact the present widespread 

distribution of seeps and springs (EG&G 1995b). 

e Most of the contaminant plumes in WETS groundwater have suspected sources consisting 

of DNAPLs, which are difficult to remediate by using pump-and-treat or passive methods 

because: 

- DNAPLs have low dissolution rates in water and are denser than water, and 

therefore tend to sink to the bottom of the unit. 

The high clay content tends to adsorb DNAPLs, making these difficult or impossible 

to remove. 

< 

- 

- . Pump-and-treat remediation leaves residual DNAPLs, which will continue to act as a 

source, further releasing dissolved contaminants to the groundwater system. 

It may be possible to implement pump-and-treat methods for groundwater near the East Trenches, 

where the No. 1 Sandstone is contaminated. However, a large number of closely spaced wells would 

be required to effectively pump-and-treat groundwater due to the low conductivities and$he resulting 
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steep cones of depression. DNAPL contamination could easily remain after treatment. For these 

reasons, and the associated higher costs for this methodology, the pump-and-treat option was not 

considered as the proposed remediation treatment in this area. 

When properly placed, a passive collection system near the distal ends of plumes will effecti;ely 

capture the DNAPL-contaminated groundwater, but a contaminated plume would be left upgradient 

to naturally attenuate (DOE 1995). The contaminants in the plume will degrade with time, and 

upgradient water will flush the source material toward the collection system. 

All proposed actions discussed below were selected to be effective, inexpensive to install and 

operate, and require minimal plant infrastructure support. For these and the preceding reasons, 

passive, treatment actions are the preferred proposed remediation. 

Passive systems proposed for treatment of contaminant plumes in WETS groundwater include: 

0 In situ passive collection and treatment system such as a funnel and gate, where 

contaminated groundwater is funneled into a. reactive barrier by selective placement of 

relatively impermeable barriers. Treated water is released back into the groundwater 

downgradient of the barrier. Such treatment systems have been used effectively at other 

sites. 

< 

* Collection of contaminated water from springs, seeps, and/or shallow drains, then pumping 

the collected water to an existing treatment facility (Building 891 Combined Water 

Treatment Facility), and discharging the treated water to the surface water system. 

0 Contaminated water collection from springs, seeps, and/or shallow drains, then using gravity 

to feed the collected water through a nearby, ex situ treatment system, which uses granulated 

activated carbon, reactive iron, or similar treatment options. 
3. kPhLS .+ 12g6 &z&3iz%+ q l s o  p ~ O + J p ~ 5 9 ' ' / "  &?-wbuh'- - 6=+--Q4 
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The passive treatments proposed in this plan could use any of these methods and are conceptual in 

nature. No engineering feasibility analyses were performed and the proposed remedial actions were 

not evaluated with regard to changing site conditions over time. Before implementation of amy 
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remedy, an evaluation will be done to determine the most appropriate, effective, implementable, and 

cost-effective remedy for each plume of contaminated groundwater. The result of these evaluations 

will be presented as part of ASAP or in a planning or implementation document such as an Interim 

Measurehterim Remedial Action (IWIRA), along with the data used to make the decision. It is 

possible that, as a result of these evaluations, different remedial actions will be selected for the 

different contaminant plumes in RFETS groundwater. 

Assumptions 

The proposed conceptual remedial actions for treatment of contaminated groundwater were - 

developed using the following assumptions: 

RFETS groundwater will not be used for domestic or other consumptive purposes, and there 
t 

are no pathways for contaminated groundwater to directly impact human receptors. 

Groundwater will be managed or remediated to protect surface water and to minimize 

potential ecological impacts due to entering the surface water system. 

Source removals or containment of subsurface soil sources will be designed to prevent 

further migration of groundwater containing contaminant concentrations greater than 100 x 

MCLs. 

0 Remediation and plume management will preserve wetlands where possible. 

Proposed actions will be implemented using cost-effective methodologies. 

Based on preliminary analysis, passive groundwater treatment or containment would appear 

to be the preferred remedial alternative for most contaminant plumes in WETS groundwater 

Performance monitoring will be conducted for all remediation system; to verify 

effectiveness. 
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0 The remediation and management decisions described herein are based on the existing data 

set for contaminant plumes, as well as on known technologies that are believed to be 

applicable to treatment of RFETS groundwater. 

0 For this plan, the proposed actions are assumed to be passive treatment or containment 

devices. Passive treatment systems will be sited downgradient from the sources and 

coincident with the Tier I boundary within the plume, or where otherwise practicable and 

feasible. The actual remedial actions and location of these actions will be decided on a case- 

by-case basis and detailed in an I M A M  or Proposed Action Memorandum (PAM) before 

implementation. 

An alternatives analysis for any proposed action will be presented as part of ASAP or as an 

I M A M  decision document. . 

As per RFCA, contaminant plumes in RFETS groundwater which are stable and do not 

impact surface water above action levels will not require cleanup. 

0 All remedial actions will be consistent with the proposed end-state of RFETS. 

4.4 POTENTIAL CLEANUP ACTIONS 

Using available information, the following potential actions were conceptually developed for each 

major VOC contaminant plume in groundwater. As contaminated seeps are the most distal ends of 

these contaminated groundwater plumes, these will be managed through cleanup of groundwater 

sources, natural attenuation, and/or interception at or upgradient of seep locations in accordance with 

the action level framework and the ER ranking. Further analysis of alternatives for feasibility, cost 

effectiveness, and suitability must be performed before initiating any action. Figure 4- 1 shows the 

conceptual location of the groundwater actions. 
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4.4.1 Potential Action for the 881 Hillside Drum Storage Area Plume 

The final remedy proposed for OU 1 is to excavate those soils containing VOC concentrations 

greater than the Tier-I action levels. The volume of the source area requiring excavation is estimated 

at between 900 and 1,900 cubic yards of colluvium and weathered bedrock. Excavating the source 

will also remove much of the contaminated groundwater above Tier I action levels (Sampling and 

Analysis Report, 1996). After demonstrating that this proposed remedy has been effective, and that 

the source and much of the resulting contaminated groundwater have been removed, the French 

Drain and recovery well are expected to be removed from operation. 

< 

This remedial action will be protective of surface water quality, and should reduce or eliminate any 

potential long-term stress to environmental receptors of contaminants that may reach Woman Creek. 

4.4.2 Potential Action for the Mound Site Plume 

Cleanup of the Mound Site contaminated groundwater plume will consist of excavating the 

subsurface soil exceeding Tier-I action levels for soil cleanup criteria for VOCs. Contaminated 

materials in Trench T- 1 will also be removed using the same criteria. The remedial action proposed 

for the groundwater with concentrations of VOCs in excess of Tier I action levels is to perfonh near- 

surface collection of the plume front before it reaches South Walnut Creek. Interception of the 

contaminant plume will be accomplished by making improvements to the existing seep collection 

system at SW059. The contaminated water is expected to be treated by a passive system installed 

along the south bank of South Walnut Creek. 

Containment and treatment of the contaminant plume in Mound Site groundwater will result in a 

reduction of risk to the environment posed by uncontrolled releases of contaminated groundwater to 

surface water. 

4.4.3 Potential Action for the 903 Pad and Ryan's Pit Plume 

The proposed action is to remove contaminant sources exceeding the Tier I soil action levels for 

VOCs in soil from the 903 Pad area. Removal of the subsurface soils in the Ryan's Pit area has 
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The remedial action proposed for the groundwater with concentrations of 

action levels is to perform near-surface collection of the plume front before 

it reaches Woman Creek. The contaminated water is expected to be treated by a nearby passive 

system. 
. 

4.4.4 Potential Action for the Carbon Tetrachloride Spill Plume 

There are two potential actions identified for this groundwater contaminant plume: (1) source 

removal by using shallow recovery wells to remove as much of the free-phase carbon tetrachloride as 

possible, and (2) removal of the contaminated soils, adjacent tanks, and associated piping. At this 

time, the building infrastructure in the area is containing this plume. Monitoring must continue to 

ensure that contaminated groundwater does not impact surface water. After removal of the 

infrastructure, near surface capture of this plume may be required to minimize impacts to surface 

water. If required, the captured water will be treated at a nearby passive treatment plant. This area 

may be capped as part of the 10-Year Plan. The impact on groundwater must be determined to see if 

additional controls are necessary. 

1 

4.4.5 Potential Action for the East Trenches Plume 

Source remediation for Trenches T-3 and T-4 was completed in 1996 to remove subsurface soils that 

exceed the applicable WETS soil cleanup criteria for VOCs. This action removed the contaminant 

source of this contaminated groundwater plume. The remedial action proposed for the remaining 

contaminated groundwater plume is to install a near-surface plume capture system near the distal end 

of the plume, and to use passive technologies to treat the contaminated groundwater. 

4.4.6 Potential Action for the IA Plume 

This groundwate contaminant plume may not require action because source removal and D&D 

activities d r e m o v e  contaminant sources, the source of water in the plume will be reduced over 
c d 

will 
A vwqqdD"h'e- 

time as capping andor regrading reduces infiltration, and water loss from the WETS 

be eliminated. Monitoring must continue to ensure that contaminated groundwater does not migrate, 

or create a threat to surface water. An upgradient groundwater barrier is not recommended as 

preliminary calculations indicate that only 15 percent of the present recharge (precipitation plus 
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groundwater influx) to the IA could be diverted by an upgradient barrier, preventing approximately 4 

gallons per minute of groundwater flux from entering the IA. 

4.4.7 Potential Actions for Additional Plumes 

Present Landfill Plume 

An interim remedial action has been installed at this location to collect the contaminated 

groundwater and leachate flowing from the landfill for treatment. This gravity-driven system 

consists of cement vaults for collecting the contaminated water. Treatment includes a settling basin, 

bag filters to remove suspended solids, and granular activated carbon to remove organic chemical 

constituents. Contaminated water is treated to comply with established cleanup levels. This 

treatment should effectively mitigate the potential ecological risk from the contaminants of concern. 

The treatment system may change or be eliminated once the Present Landfill cap is installed, because 

+~,.AA v e v i C d * f p + ?  
\k /4&--.1. 

groundwater migration may no longer be a concern. 
v cw 

Solar Ponds Nitrate Plume 

Proposed remedial actions for the groundwater nitrate plume, if required, will be developed at a later 

date, based on final cleanup standards and site-specific hydrogeologic conditions. No source 

removal is planned for nitrate-containing media. However, a cap/cover is being considered, which 

would reduce the groundwater recharge and the flow through the nitrate-contaminated soils. 

Recommendations from the Working Group, if approved by the Water Quality Control Comrriission 

(WQCC), will change the stream classification for nitrates from drinking water to agricultural. 

There is some possibility that this surface water will be used for irrigation. Measures are being 

implemented which will restrict use of this water for domestic use. If the drinking water 

classification is lifted, then the nitrate concentrations seen in the surface water as a result of the 

nitrate plume are acceptable for all of the remaining uses, and could be of benefit for irrigation. 

September 1996 4-3 5 



RF/ER-95-0121. VN 
Draft Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

PU&D Yard Plume 

A limited field investigation will be completed in 1997 to determine the impact to surface water. 

This win e followed by a source removal the same year. The limited field investigation will 

determine whether groundwater remedial action(s) are required to protect surface water. < 

Other 881 Hillside Groundwater Contamination 

No action is required to mitigate this plume as it is not impacting, or expected to impact surface 

water. Any point sources around the building are expected to’be dealt with during building 

demolition. 

Old Landfill Groundwater Contamination 

The VOC contaminated groundwater associated with the Old Landfill is limited in extent, closely 

related to Me small source area, and is not a threat to surface water. Therefore, this contaminated b kf 

groundwater does not require any action. 

2 

Walnut Creek Drainage Groundwater Contamination 

It is most likely that the contamination in this area has migrated from a source upgradient of the 

Present Landfill, potentially the PU&D Yard (see above). Contaminated groundwater in this area 

will be addressed as part of the remedy for the upgradient plume. 

4.5 PLUME RANKING 

Sources or contaminant plume above action levels that are determined to be candidates for remedial 

actions have been prioritized to determine the sequence in which remediation will occur. To 

accomplish this task, a methodology was developed by CDPHE, EPA, K-H, and RMRS staff to rank 

the known environmental risks at RFETS and is outlined in the “Environmental Restoration (ER) 

Ranking” (RMRS 1995). 

< 
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The ER ranking is currently being updated to incorporate the new action levels. Sites are ranked 

using the following criteria: 1) concentrations of contaminants present in soil, subsurface soil, and 

groundwater; 2) impact to surface water; and 3) the potential for further release which quantifies the 

possibility that source material will continue to release contaminants into the environment. The 

resulting prioritized list is used to determine the general order in which to implement remedial 

actions. 

This methodology incorporates a very conservative approach. As a result, IHSSs, areas and 

groundwater plumes where formal risk assessments have determined that there is no unacceptable 

risk may rank higher than expected on the prioritized list. ' 

The Working Group recommended that the groundwater plumes be prioritized separately from the 

contaminant sources to allow the groundwater actions to be initiated separately from the sourGe 

removal actions. The methodology for ranking the groundwater plumes follows: 

1) Score Ratio: Analytical data for VOCs in groundwater since 1990 were compared to the 

proposed Tier I1 action levels, and a ratio of the analytical result to Tier I1 action level value 

was calculated. The maximum ratio for each analyte within the contaminant plume was 

tabulated, and a total score for each groundwater plume was calculated by summing the 

maximum ratios. The resulting summed values were then converted to a Score Ratio using 

Table 4- 1. 

2) Impact to Surface Water: A rating of 1 to 3 was assigned to each plume based on the 

evaluation of whether or not the groundwater contaminant plume was impacting surface 

water at Tier I action levels (a rating of 3), had the potential or was impacting surface water 

at Tier I1 levels (a rating of 2), or did not pose a threat to surface water at this time (a rating 

of 1). 2 

3) Potential for Further Release: A rating of 1 to 3 is assigned based on an evaluation of 

whether or not there is a potential for contaminants to continue to migrate into groundwater 

(i.e., is an uncontained source present?). If there is probably free product present, a rating of 

D5 September I996 4-3 7 



RFIER-95-0121. UN 
Drafi Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site, Rev 3 

3 is assigned, if high concentrations of contaminant are present in soil, a rating of 2 is 

assigned and if there is probably no uncontained source present, a rating of 1 is assigned. 

Table 4-1 Conver tion Table for Scores 

Summed Groundwater Ratios 
> 20,000 

10,001 - 20,000 
5,001 - 10,000 
1,001 - 5,000 
501 - 1,000 
251 - 500 
126 - 250 
76-  125 
26 - 75 
1 - 2 5  

Score Ratio 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

The ER Ranking was recalculated in September 1996 using the new action levels and standards, and 

including the groundwater contaminant plumes. Table 4-2 provides the rankings of the groundwater 

contaminant plumes. 

The following is an example showing how th’k three factors were used to generate the ranking for the 

903 Pad groundwater contaminant plume. Concentrations of VOCs in groundwater in the 903 Pad 

and Ryan’s Pit plume were identified and compared to the appropriate Tier I1 values. The maximum 

ratios for each contaminant that exceeded Tier I1 action levels were summed, which equaled a value 

of 603. Using Table 4-1, this value equated with a Ratio Score of 10. 
2 

Next, the impact to surface water was evaluated. Because the contaminants are believed to be 

impacting surface water near Tier I1 levels, the a factor of 2 was used. Finally, the potential for 

further release was believed to be high and a factor of 3 was assigned, based on the belief that there 

is free product underneath the 903 Pad that is still being released into the groundwater. 

Multiplying the Ratio Score of 10, times the impact to a surface water impact factor of 2, times the 

factor for potential for further release of 3, generated a ranking score of 60. 
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Table 4-2 Plume Ranking 

Plume 

Mound 
903 Pad and Ryan’s Pit 
East Trenches 
Solar Ponds 
Present Landfi I1 
PU&D Yard 
881 Hillside Drum Storage Area 
Carbon Tetrachloride Spill 
IA 
Building 88 1 Area 
Old Landfill 

September 1996 

Priority 
Score 
30 
20 
20 
20 
18 
16 
10 
10 
10 
9 
8 
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Ranking 

11 
12 
13 
17 
19 
22 
26 
27 
28 
32 
35 

4-39 

Comments 

Ryan’s Pit source removed 
Sources removed 
Ranking due to nitrate concentrations 
Groundwater presently collectedheated 

Below Tier I action levels 
Below Tier I action levels 

1 
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5.0 NEXT STEPS 

Additional data must be collected andor analyzed before implementing actions. Not all groundwater 

contaminant plumes and sources are characterized sufficiently to implement an action, and 

appropriate methodologies for collection and treatment must be identified. The ecological impacts 

of groundwater collection and treatment must be determined, as collection of the distal plume 

boundaries may irreparably damage wetlands and seeps. 2 

Before implementation of any remedy, a planning or implementation document such as an Interim 

Measurehnterim Remedial Action (IMYIRA) or PAM must be prepared, and an engineering design 

must be completed. 

Based on the currently available information, following are the steps already completed towards 

groundwater remediation, and the proposed next steps: 

0 Soils in OU 1 881 Hillside Drum Storage Area (IHSS 119.1) that contain contaminant 

concentrations above action levels may be excavated, removing material above the Tier I 

Action Level. Because the source of groundwater contamination would be removed, the use 

of the French Drain system and recovery well may no longer be necessary. After monitoring 

demonstrates the effectiveness of the remedy, these will be removed from service. 
< 

7 

4) * 

The seep near Woman Creek will be evaluated to determine whether it is related to the 881 

Hillside Drum Storage Area, and if there is an impact to surface water above action levels. 

0 The source of the Mound plume is anticipated to be remediated as an accelerated action. 

Pre-remedial investigations were completed in 1996 to delineate the extent of the 

contaminant source for this plume. Further pre-remedial investigations to determine the 

,extent of the distal end of the groundwater contaminant plume, and effective, passive 

treatment methodologies are expected to continue in the near future. Gravity-flow passive 

treatment systems will be the preferred option. 
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e The sources of the 903 Pad and Ryan’s Pit plume are scheduled to be removed. The Ryan’s 

Pit source has already been characterized and remediated. Pre-remedial investigations are 

proposed to determine the extent of the source. The distal ends of the groundwater 

contaminant plumes require better definition in order to appropriatel&E%hection and 

treatment systems. Gravity-flow passive treatment systems will be the preferred option. 

e A pre-remedial investigation is proposed for the carbon tetrachloride spill plume (IHSS 

1 IS.  1) to better define the source, and to evaluate remedial actions. A limited pump and 

treat system may be installed due to the large amount of free product present in a limited 

area. If required, after removal of the surrounding buildings and associated footing-drain 

systems, a passive collection and treatment system may be installed to contain the dissolved 

phase of this plume. This system would be located along the post-building removal, 

,\“‘ 
-pa’ 

downgradient flow path near the impacted drainage. 

e The sources for the East Trenches plume have been removed. Accelerated actions were 
t 

completed in 1996 to excavate Trenches T-3 and T-4, and materials above the Tier I action 

levels were removed. The distal end of this groundwater contaminant plume requires better 

definition in order to appropriately site collection and treatment systems. Gravity-flow 

passive treatment systems will be the preferred options. 

e The IA plume will continue to be monitored to ensure that there is no increase in migration, 

and that there is no impact to surface water quality. 

Q Groundwater treatment systems need to be investigated to determine the optimum treatment 

methodology. 

. The unknown extent of the chlorinated solvent plumes associated with the PU&D yard 

(IHSS 170, 174a, and 174b) is a data gap. Because the nature of the southern boundary of 

these plumes is undetermined, the potential impac to surface water cannot be evaluated. A 

limited characterization investigation ~ 4 . 4  be conducted in 1997 to determine the extent of 

the plume, and to determine the location, nature and size of the source material. Previous 

investigations suggest that the contaminant source(s).may be located immediately east of the 

Is pepos& L 
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known PU&D yard boundary. Source removal is expected to follow in 1997 if a 

contaminant source can be defined. * vTd* M/ VQVV’i” 
QJ 

o / Soil vegetative caps of‘coverl may be used throughout WETS where necessary to limit 
/ 

natural recharge caused by precipitation from leaching of contaminants in the unsaturated 

zone and into groundwater. This would & reducp t e movement of groundwater 

through the IA, and thereby reduce the mobility of the contaminant plumes. Subsurface 

sources of groundwater contamination would be removed where practical. At the end of the 

D&D/remediation phase, the plant water supply and sanitary sewer will be shut off. This 

will eliminate a major source of groundwater recharge for the IA, and should greatly reduce 

the mobility contaminant of the IA and carbon tetrachloride spill plumes. 

‘Yl r \ n  

t 

Further analysis is required to determine optional intercept locations, actual treatment 

methodologies, and cost-effective project planning and scheduling. 

The ER Ranking scheduled to be completed in 1996 and the proposed ranking of groundwater 

plumes presented in Section 4.5 provide the basis for establishing the priority and sequence of ’ 

proposed cleanup actions. However, a schedule for implementing groundwater cleanup will be 

dependent on funding, data sufficiency, resource availability, and the integration with other cleanup 

and WETS activities. 
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Date: May 16, 1996 
To: Annette Pri 
From: Ed Mast 
RE: Revision of the Southwest boundary on Figure 3-1 Tier I1 Well Location Map with 
Composite Plume Extent for Concentrations > MCLs 

There are 339 soil gas sampling points and 26 separate locations where groundwater has 
been collected at the Old Landfill. Nine soil gas sampling points in two small anomalies 
(clusters) had reportable concentration of TCE of >1 .O pg/L. The two small TCE 
anomalies identified by the soil gas results (“A” and “B” Areas) at the Old Landfill have 
aerial extents of approximately 50 ft x 50 ft and 64 ft x 64 ft respectively, as re orted in 
the OU5 RI/RFI Report which more accurately represents the extent on the contaminate 
“plume” in the Old Landfill then the Groundwater Conceptual Plan Map (Attachment 1 , 
Figure 3-1 Tier I1 Well Location from the Groundwater Conceptual Plan for the WETS). 
Four water sampling events out of 1 12 in the area in and around the Old Landfill had 
TCE concentrations above the MCL (with one of the samples being a duplicate sample 
and two of the samples located north of the landfill). See Attachment 2, Groundwater 
Data, a U in the Qual(ifer) column indicates a non-detect. The lobe of the contaminate 
plume extending into the Old Landfill as shown in Attachment 1 is based on two TCE 
hits in one well. 

conrd)wl1.n Gv\T 

C0vl - t  G - V y  t r l m  

The OU5 RI/RFI Report concluded that the soil and groundwater samples collected from 
the boreholes within the anomalies, Area “A” and “B” (see Attachment 3, Figure 
2.4.3.3-1 from TM15 of the OU5 Work Plan) confirmed the results of the soil gas 
survey, 331 non-detects out of 339 sampled locations The VOCs detected by the soil gas 
survey at each location were also detected in the soil and groundwater samples. The 
conclusion of this memorandum (and the OU5 RI Report) is that a large TCE plume as 
shown in the Groundwater Conceptual Plan does not exist at the Old landfill. 

Attachment 1, Figure 3-1 from the Groundwater Conceptual Plan for the WETS shows a 
composite plume representing groundwater sampling results for trichloroethane (TCE), 
tetrachloroethene (PCE), carbon tetrachloride (CC14) and vinyl chloride (VC). The 

indicate that the only contaminate of the above four that makes up the plume in the area 
in and around the Old Landfill (IHSS 115) is TCE. The bottom lobe of the large 
composite eontanmate plume to the southwest is the former Operable Unit 5, IHSS 1 15, 
the Old Landfill (closed in 1968). This landfill area is further highlighted by a series of 
question marks (?). The existence of a groundwater plume is this area was not a finding 
in the Final OU5 RI/RFI Report delivered to the regulatory agencies in April 1996. 

cDv\TG.m*ur 
individual-comi&ork maps generated to make the composite c %%Eiziiizi map 
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During the investigative stage of the OU5 remedial investigation there were a number of 
activities that were conducted over the Old Landfill that substantiate the findings of the 
OU5 RI Report of two small, less than 64 sq ft, TCE “plumes”. Initially, a real time 
soil gas survey was conducted as part of the field investigations at the Old Landfill . The 

1 



purpose of this survey was to provide screening level data concerning the presence or 
absence of VOCs. If during the course of this survey, anomalous readings were 
encountered, then the anomalies would be further investigated by additional soil gas 
sainpling on a tighter grid spacing and then ultimately by the subsequent drilling of soil 
borings within the plumes and installation of groundwater monitoring wells if and when 
groundwater was encountered. 

Location 
6 1093 
6 1093 
6 1093 

The Work Plan specified that soil gas samples be collected on a 100 foot grid spacing in 
the area of the landfill, on a 40 foot equilateral grid spacing down gradient from the 
landfill and on a 20 foot grid spacing in areas where anomalies were encountered. A 
total of 339 actual locations were sampled and an additional 131 samples collected for 
duplicates, verification and anomaly chases for a total of 480 soil gas samples (for 
additional information regarding the sampling procedure and results please see Technical 
Memorandum (TM)15 to the OU5 Work Plan). Of the 339 locations sampled, there were 
nine samples at which TCE (also PCE) exceeded the reporting limits of 1 .O pg/L (the 
detection limit was 0.25 pg/L). These nine samples were clustered in two locations, Area 
“A” and Area “B” (see Attachment 3, Figure 2.4.3.3-1 from the OU5, TM15 - Amended 
Field Sampling Plan). 

Result Tier 2 - MCL 
Date Sampled ( P g u  (PLg/L) 

711 3/93 140 5.0 
1/25/94 
1/25/94 

In Area “A”, two soil gas samples were observed to exhibit concentrations above the 
reporting limit for TCE. The maximum concentration of TCE from the soil gas sampling 
in this area was 19 p g k .  Area A has a surface extent of approximately 2,500 sq ft (an 
area equivalent to about 50 ft  x 50 ft). 

Following the soil gas sampling, two wells were completed in Area “A”, 60993 and 
61093. Well 60993 was dry, and well 61093 completed in bedrock was developed and 
sampled on two separate occasions with the following results for TCE: 

50 
5 1 (duplicate) 

5.0 
5.0 

In Area “B” there were seven soil gas samples that exhibited TCE concentrations above 
. the reporting limit, with a maximum concentration of 28 pg/L. PCE was also found at 

eight locations in this area, with a maximum concentration of 7.6 pg/L. Area “B” has a 
surface extent of approximately 4,100 sq ft (an area equivalent to about 64 ft x 64 ft). 
Subsequent to the soil gas sampling, three boringdwells were completed in this area, 
58393, 58493 and 58593. Of the three borinzcompleted in this area, water was 
encountered in only 89593. The well was sampled on December 21, 1994 The result was 
a non-detect for TCE. 

The relationship between sample locations and the results are posted on Attachment 4 
2 
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. .  .. Cisting..>of: L .- _ . I .  TCE:!data .for Well 61093:;and-..Surrou~i,ng, w e 1  (s May 15, 1996 
' OBS LOCATION SAMPLE SDATE ANALYTE RESULT UNITS 'DETECT QUAL VAL 

'1 43392 
2. 43392 
3 43392 

df) 4 43392 
5 43392 
6 43392 
7 43392 
8 43392 

,.,> 
$,$- 56994 
.- 

GW03968 I T 
GWOI 237UC 
GWO 1590WC 
GW00379GA 
GU00842GA 
GW01232GA 
GUOI 842GA 
GU02 166GA 

12/ 14/92 
09/22/93 
1 1 /30/93 
03/03/94 
05/17/94 
08/17/94 
12/05/94 
02/27/95 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

0.80 
1 .oo 
1 .oo 
1 .oo 
2.00 
2.00 
2.00 
1.20 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

0.2 V 
0.1 V 
0.1 V 
0.2 V 
0.2 V 
0.2 V 
0.2 V 
0.5 v 

GW02089GA 02/03/95 TRICHLOROETHENE 0.50 UG/L 0.5 U V 

G57860290001 
GW0005711 
GW00545 I T 
GW01051IT 
GWO1310 I T 
GW017641T 
GW020571T 
GW02488I T 
GW02819IT 
GW00228WC 
GW00807UC 
GU00331 GA 
GW00857GA 
GW02161 GA 

02/22/90 
07/26/90 
10/12/90 
03/28/91 
05/22/91 
09/16/91 
12/14/91 
02/18/92 
04/29/92 

-03/17/93 
05/25/93 
02/24/94 
05/ 18/94 
02/27/95 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
T R I  CHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

3;OO 
5.00 
3.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
0.20 
0.20 
0.50 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

5.0 J 
5.0 U 

J A 
5.0 U 
5.0 U V 
5.0 U V 
5.0 U V 
5.0 U V 
5.0 U V 
5.0 U V 
5.0 U V 
0.2 U V 
0.2 U V 
0.5 U V 

10' 5786 
11 5786 
12 5786 
13 5786 
14 5786 
15 5786 
16 5786 
17 5786 
18 5786 
19 5786 
20 5786 
21 5786 
22 5786 
23 5786 

24 57894 
\I 25 57894 

- 
GW50141AS 
GU50161AS 

01/22/95 
01/22/95 

TRICHLOROETHENE 
TRICHLOROETHENE 

10.00 
10.00 

UG/L 
UG/L 

10.0 U V 
10.0 U V 

26 58094 
p' 2 58094 

GUS01 O2AS 
GW50103AS 

12/21/94 
12/21/94 

5.00 
5.00 

5.0 U V 
5.0 U V 

TRICHLOROETHENE 
TRICHLOROETHENE 

UG/L 
UG/L 

>I\' 28 58594 GW50104AS 12/21/94 TRICHLOROETHENE 5.00 UG/L 5.0 U V 

d 29 
30 
31 

33 
34 

I 35 
36 
37 

I Si& 32 

~ 

<. 1 i 

59493 
59493 
59493 
59493 
59493 
59493 
59493 
59493 
59493 

GWOlO24WC 
GWO 1 166WC 
GW00422GA 
GW00741GA 
GWOl247GA 
GWO1618GA 
GW50113AS 
GUS01 14AS 
GW02 1 76GA 

06/24/93 
08/ 1 1 /93 
03/14/94 
05/09/94 
08/ 18/94 
10/20/94 
01/04/95 
.01/04/95 
03/09/95 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

5.00 
5.00 

10.00 
10.00 
5.00 
5.00 

10.00 
10.00 
10.00 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

5.0 U V 
5.0 U V 

10.0 U V 
10.0 U V 
5.0 U V 

.5.0 U V 
10.0 U V 
10.0 U V 
10.0 U V 

59593 
59593 
59593 
59593 
59593 
59593 
59593 

GWO1 O25WC 
GWOll67UC 
GW00423GA 
GW00742GA 
GWOl248GA 
GUOl619GA 
GW02 1 77GA 

06/24/93 
08/73/93 
03/ 14/94 
05/09/94 
08/ 18/94 
10/24/94 
03/09/95 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
T R I  CHLOROETHENE 
TRICHLOROETHENE 

5.00 
5.00 

10.00 
10.00 
10.00 
10.00 
10.00 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

5.0 U V 
' 5.0 U V 
10.0 U V 
10.0 U V 
10.0 U V 
10.0 U V 
10.0 U V 

;42 
43 
4 4  

3 f  45' 59594 01/25/95 GW02058GA TRICHLOROETHENE 3.00 UG/L 0.5 V 

0.5 V 

10.0 U V 

59694 GW02202GA 03/07/95 2.00 TRICHLOROETHENE UG/L 

59793 GW50133AS 01/15/95 TRICHLOROETHENE 10.00 UG/L 

Attachment 2 
Groundwater Data 



'48 
. I j d  49 

' 549 

1.58 d? :59 

J 62 
63 
64 
65 
66 

9' 67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

82 

83 

uf as 
87 
88 ,\- 

89 

'90 
?! d? 92 
93. 
94' 
95, 

59993 
59993 

60093 

60293 
60293 
60293 

60893 

61093 
61093 
61093 

63893 
63893 

63993 

64093 i 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 
7086 

71494 

P4 16489 
P416489 
P4 16489 
P416489 
P4 16489 
P416489 
P416489 

P416589 
P416589 
P4 16589 
P416589 
P416589 
P416589 

GU50001AS 
GW50148AS 

GW50002AS 

GU50010AS 

GU50012AS 
GUS01 5 1AS 
GU50154AS 

GU50121 AS 
GU50120AS 

GU50119AS 

GU50118AS 

G70860290001 
G70860524021057 
GU00151 IT 
GU00541 IT 
GUO1293 I T 
GUO1682 I T 
GU02051 IT 
GU02401 IT 
GU02820 I T 
GW03359IT 
GU03710 I T 
GU00229UC 
GU00808WC 
GUO 1327UC 
GUO1687UC 
GU00332GA 
GU00838GA 
GU01314GA 
GUOl722GA 
GW02206GA 

GUO2241 GA 

GWO1567W 
GW00198GA 
GW00687GA 
GU01209GA 
GW01690GA 
GU02186GA 
GW02458GA 

GUO1568WC 
GU00199GA 
GU00688GA 
GUOl21 OGA 
GWOl691 GA 
GW02051 GA 

07/06/93 
01 /23/95 

07/06/93 

07/06/93 
01/22/95 
01/22/95 

07/07/93 

07/13/93 
01/25/95 
01 /25/95 

01/04/95 
01/05/95 

01/05/95 

01/05/95 

02/22/90 
05/24/90 
07/20/90 
1 O/ 19/90 
05/14/91 
09/06/91 
12/06/91 
02/17/92 
04/28/92 
08/ 14/92 
11/06/92 
03/08/93 
06/03/93 
09/20/93 
12/10/93 
02/23/94 
05/16/94 
08/25/94 
11/21/94 
03/10/95 

03/14/95 

11/22/93 
02/ 10/94 
04/26/94 
08/16/94 
11/08/94 
03/07/95 
04/20/95 

11/21/93 
02/14/94 
05/05/94 
08/18/94 
1 1 /07/94 
01/30/95 

TRICHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 

TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

5.00 
10.00 

5.00 

5.00 
10.00 
10.00 

5.00 

140.00 
50.00 
51 -00 

10.00 
10.00 

10.00 

10.00 

5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
0.20 
0.20 
0.20 
0.50 
0.50 

0.50 

0.50 
0.10 
0.20 
0.50 
0.71 
0.20 
0.50 

0.50 
0.10 
0.20 
0.50 
0.50 
0.50 

UG/L 
UG/L 

UG/L 

UG/L 
UG/L 
UG/L 

UG/L 

UG/L 
UG/L 
UG/L 

UG/L 
UG/L 

UG/L 

UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

5.0 
10.0 

5.0 

5.0 
10.0 
10.0 

5.0 

5.0 
10.0 
10.0 

10.0 
10.0 

10.0 

10.0 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
0.2 
0.2 
0.2 
0.5 
0.5 

0.5 

0.5 
0.1 
0.2 
0.5 
0.5 
0.2 
0.5 

0.5 
0.1 
0.2 
0.5 
0.5 
0.5 

I 

U V 

U 
U 

U 

U 
U 
U 

U 

U 
U 

U 

U 

U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

U 
U 
U 
U 

U 
U 

U 
U 
U 
U 
U 

V 
V 

V 

V 
V 
V 

V 

V 
V 
V 

V 
V 

V 

V 

V 
V 
V 
V 
V 

V 
V 
V 
V 
Y 
V 
V 
V 
Y 
V 

V 

V 
V 
V 
V 
V 
V 
Y 

V 
V 
V 
JA 
V 



$96 
97 
98 
99 

100 
101 
102 

103 
104 

',P 
IO6 
107 

109 
110 
111 
112 

1 oa 

P4 1 6689 
P4 1 6689 
P416689 
P4 16689 
P416689 
P4 1 6689 
P416689 

P416789 
P4 16789 
P416789 

P416889 
P4 1 6889 
P4 16889 

P416889 
P416889 
P416889 

~ 4 1 6 8 8 9  

GUO 1569WC 
GU00200GA 
GU00689GA 
GUO1211GA 
GUO 1692GA 
GU02052GA 
GU02460GA 

GUO 1570WC 
GU00201GA 
GW00690GA 

GUO 1571WC 
GW00202GA 
GU00691GA 
GUO 1 213GA 
GW01694GA 
GU02 187GA 
GW02462GA 

11/22/93 
02/14/94 
04/28/94 

11 /07/94 
01 /30/95 
04/24/95 

11/23/93 
02/14/94 

081 18/94 

04/28/94 

19/23/93 
02/14/94 
04/28/94 
08/ 17/94 
11/08/94 
03/07/95 
04/20/95 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRLCHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 
TRICHLOROETHENE 

4.00 
3.00 
2.00 
6.30 
4.20 
3.20 
3.51 

24.00 
2.00 
3.00 

5.00 
4.00 
4 .'OO 
5.00 
3.30 
3.00 
3.55 

UG/L ' 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

0.5 V 
0.1 
0.2 
0.5 
0.5 
0.5 V 
0.5 Y 

0.5 V 
0.1 V 
0.2 V 

0.5 JA 
0.1 V 
0.2 0 2 
0.2 V 
0.5 V 
0.2 V 
0.5 Y 
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EXECUTIVE SUMMARY 

The Groundwater Conceptual Plan provides a basis for cleanup and management of contaminated 

groundwater at the Rocky Flats Environmental Technology Site (RFETS) consistent with the Rock 

Flats Cleanup Agreement (RFCA) Preamble, and the Action Levels and Standards Framework for 

Surface Water, Ground Water and Soils. This plan was originally issued in March 1996, but has bee 

revised to reflect the inal RFCA and to include additional groundwater plume data. % 
Addressing groundwater on a sitewide basis allows for effective coordination of groundwater 

act ivi t iesgd provides consistency in addressing groundwater contamination. Domestic use of 

groundwater at WETS will be prevented through institutional controls, therefore, the goal is to 

manage or cleanup groundwater to protect surface water quality for all agreed-upon uses. In 

addition, the Groundwater Conceptual Plan identifies, describes, and ranks the principal groundwater 

contaminant plumes to provide a planning basis for funding and implementation of groundwater 

actions. 

The lateral extent and spread of contaminants in RFETS groundwater is limited by hydrogeologic 

conditions, therefore, the contaminant plumes are relatively stable. In addition, groundwater 

discharges to surface water before leaving RFET 

migration of contaminated groundwater. LGw-permeability claystones form a barrier at least 500- 

feet thick between contaminated groundwater at WETS and the LaramieRox Hill 

nd there is a natural vertical barrier to downward B 
uifer. 0 

ae+km&- I iW# 
The volatile organic compound (VOC) contaminant plumes in groundwater 

to impact surface water and are the primary focus of the Groundwater Conceptual Plan. 

Contaminant plumes with othe inorgani constituents are addressed in this plan where surface 

water'rs, 

groundwater action levels which are protective of surface water uses as well as 

ecological resources. 

%- 'k 
0%- 

Tb pacted above action levels. The plumes are defined based on the RFCA two-tiered 

The groundwater Tier I action levels are used to identify highly 'contaminated areas as potential 

cleanup targets and are defined as 100 x Federal Drinking Water Maximum Contaminant Level 
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(MCL) for VOCs. Tier I1 action levels are used to identify contaminated 

impact surface water and are defined as the MCL for individual 

The groundwater contaminant plumes with VOC concentrations exceeding Tier I action velsar 2 -  
(1) 881 Hillside Drum Storage Area Plume, (2) Mound Plume, (3) 903 Pad and 

Carbon Tetrachloride Spill Plume, ( 5 )  East Trenches Area Plume, and (6 

plumes discussed that do not exceed the Tier E action levels, but may have the potential to impact 

surface water, include those at the Present Landfill, Solar Ponds, and the Property Utilization and 

Disposal (PU&D) Yard. 

Proposed cleanup actions consist of source removal or contaiiimen -yld with capture and treatment or 

management of the contaminated groundwater. Using available information, potential actions were 

conceptually developed for each major groundwater contaminant plume. Based on capture and 

treatment effectiveness, installation and operating costs, and plant infrastructure requirements, 

passive captive and treatment methods were the preferred conceptual actions. Before each cleanup 

action can begin, analyses must be done to select the specific cleanup alternative, and to perform 

engineering design. Additional data may be needed to select the appropriate treatment systems and 

ensure the proper placement of cleanup systems. 

'/ 

The groundwater contaminant plumes were ranked based on the methodology previously developed 

to provide the basis for establishing the priority and sequence of proposed cleanup actions. 

However, a schedule for implementing groundwater cleanup will be dependent on funding, data 

sufficiency, resource availability, and the integration with other cleanup and RFETS activities. 
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1 .O INTRODUCTION 

The Groundwater Conceptual Plan was originally developed as a joint effort between the Department 

of Energy, Rocky Flats Field Office (DOERFFO), Kaiser-Hill Company, L.L.C. (K-H), Rocky 

Mountain Remediation Services, L.L.C. (RMRS), the Environmental Protection Agency (EPA), and 

the Colorado Department of Public Health and Environment (CDPHE). ThiSPlan incorporates the 

final Rocky Flats Cleanup Agreement (RFCA) (July 19, 1996)fi  guidance from the Action Levels 

and Standards Framework for Surface Water,(Ground Water, and Soils Working Group (“the 

Working Group”). This Working Group was formed to: 

ra*& 

< 
Provide a basis for future decision making, \ ..’ 

. Define the common expectations of all parties, and 

0 Incorporate land- and’water-use controls into site cleanup. 

The Groundwater Conceptual Plan was originally issued in March 1 9 9 4 d  has been revised to 

incorporate changes in R F C d d  additional information on plumes. 

1.1 ROCKY FLATS CLEANUP AGREEMENT AND ACCELERATED SITE ACTION 
PROJECT (ASAP) 

RFCA is an agreement between DOERFFO, EPA, and CDPHE to ensure the effective and efficient 

cleanup of RFETS. The RFCA Preamble mandates that environmental cleanup will be implemented 

through an integrated and streamlined regulatory approach. The RFCA preamble also defines the 

approximate areal extent of the five future conceptual land uses: (1) capped areas underlain by waste 

disposal cells or contaminated materials closed in-plac02) an industriali-use ar a’ 3) restricred 

open spac 

s o i l p d  (5) unrestricted open space. 

@ 
4) restricted open space because of low levels of plutonium contamination in surface @ 

The RFCA Preamble states that the goal of soil and groundwater management and cleanup is the 

protection of surface water quality for the designated uses.. Proposed actions will be designed to 
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protect ecological resources and appropriate industrial or open space uses. 

Groundwater will not be used for any purposes at RFETS, except as related to cleanup activities. 

ASAP was developed as an accelerated strategy to reduce risks and close RFETS. The ASAP 

strategy was used to develop the Integrated Site Baseline (ISB@nd the ‘Feq Year Plan, a 

comprehensive action plan to implement the objectives stated in the RFCA Preamble, and to ensure 

that, after cleanup, surface water and groundwater leaving the site will be acceptable for any u 

iO 

The Groundwater Conceptual Plan is based on the ASAP strategy, and incorporates the RFCA 

Preamble objectives and the Action Levels and Standards Framework for the Surface Water, Ground 

Water, and Soils. This plan provides a basis for cleanup and management of contaminated - 

groundwater at RFETS to protect surface water quality and ecological resources, and is the basis for 

the groundwater cleanup in the 1 S B . d  t k  I ~ % 2 & f ~ m  1 

1.2 PURPOSE OF THE GROUNDWATER CONCEPTUAL PLAN AT RFETS 

Groundwater at RFETS is present in the shallow, unconsolidated sediments and subcropping bedrock 

throughout the site. In the past, each Operable Unit (OU) investigated groundwater within its 

boundaries without addressing influences from upgradient sources. However, groundwater is not 

limited by OU or Individual Hazardous Substance Site (IHSS) boundaries. Several sources may 

contribute to a single groundwater plume, and groundwater plumes may cross several OUs and 

contribute to surface water contamination a great distance from the source location. 

shows the location of the principal areas discussed in the text. 

The Groundwater Conceptual Plan addresses groundwater on a sitewide basis, to allow effective 

coordination of groundwater activities, and establish a consistent approach to addressing 

groundwater contamination. While remediation of groundwater contaminant plumes must consider 

both the source and the associated groundwater plume, groundwater plume remediation can be 

performed independently of source remediation. Because there is no exposure pathway to humans 

from contaminated groundwater, the programmatic goals are to protect surface water and the 

limit potential contaminant migration (to the extent practicable). 

September 1996 
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The three specific goals of the Groundwater Conceptual Plan are to: 

1) Identify and describe the principal contaminant plumes in groundwater; 

2) Rank the contaminant plumes for the purpose of establishing the priority for cleanup actions, 

in accordance with the method outlined in the “Environmental 

W%j; and 

3) Provide an initial planning basis for funding and the related implementation schedule for 

groundwater cleanup. 

To meet these goals, the Groundwater Conceptual Plan proposes cleanup and/or management of 

contaminated groundwater through source removal, source control, andor treatment of dissolved- 

phase plumes. Contaminated seeps are also addressed, as these represent the distal ends of the 

contaminated groundwater plumes. The Groundwater Conceptual Plan recommends evaluating 

whether some areas of contaminated groundwater may remain in place, given that the programmatic 

goals can be met without active intervention. 

1.3 DOCUMENT ORGANIZATION 

The conceptual plan for groundwater restoration is presented in five sections: (1) Section 1 .O 

describes the goals and purpose of the groundwater strategy, and presents the organization of the 

report; (2) Section 2.0 provides a summary background on groundwater at RFETS; (3) Section 3.0 

presents the action levels and standards developed by the Working Group and describes the 

groundwater monitoring requirements; (4) Section 4.0 describes the various groundwater 

contaminant plumes present at WETS and provides an overview of the proposed cleanup actions 

that may be used; and (5) Section 5.0 summarizes the proposed next steps. 

This document also contains two appendices: (1)  Appendix A is a list of acronyms used in this text, 

and (2) Appendix B contains the executive summary of the White Paper - Analysis of Vertical 

Contaminant Migration Potential (RMRS 1996a) 
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2.0 HYDROGEOLOGY AT RFETS 

A basic understanding of the hydrogeologic setting is important for evaluating the nature and 

distribution of contaminated groundwater at RFETS. The current reference documents for 

describing the sitewide geologic, hydrogeologic and groundwater geochemical data at RFETS are the 

“Geologic Characterization Report for the Rocky Flats Environmental Technology Site” (EG&G 

1995a), the “Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology 

Site” (EG&G 1995b), and the “Groundwater Geochemistry Report” (EG&G 1995~).  Much of the 

following discussion was derived from these reports. Unpublished plume maps from the 1995 Well 

Evaluation Project were modified to generate the plume configuration maps in this report. 

The WETS A c a t e d  approximately 4 miles east of the Front Range on a nearly flat-lying 

pediment surface, unconformably overlying nearly flat-lying bedrock (Figure 2- 1). A conceptual 

c r o s e t i o n  of the local hydrogeologic setting at RFETS (Figure 2-2) illustrates that at the site, the 

shallow groundwater flows through two separate water-bearing layers, known as hydrostratigraphic 

units. These units are defined based on observed differences in hydrologic and geochemical ~ 

characteristics for each flow system. These units are generally referred to as the upper 

hydrostratigraphic unit (UHSU$d the lower hydrostratigraphic unit (LHSU). A third 

hydrostratigraphic uniQ permeable, deep regional artesian aquifer known as the Laramie-Fox Hills 

aquifer‘lies below the LHSU and is used extensively as a water supply in the greater Denver area. 

The WETS hydrostratigraphic units are described in the greater detail in the Hydrogeologic 

Characterization Report for the Rocky Flats Environmental Technology Site (EG&,G 1995b). 

/ 

/ 

Q4L 

The UHSU is the predominant water-bearing uni t  of concern at RFETS and is considered to be 

equivalent to the “uppermost aquifer” as defined by the Resource Conservation and Recovery Act 

(RCRA). It consists of unconsolidated, sandy and gravely materials mixed with clay (Le., alluvium, 

colluvium, and artificial fill), as well as weathered bedrock claystones and sandstones which are 

hydraulically connected to the alluvium. The LHSU consists of unweathered claystone with some 

interbedded siltstones and sandstones. There is a significant difference in the ability of each unit to 

transmit groundwater. For example, the geometric mean hydraulic conductivity value of 2 x 10“ 

centimeters per second (cidsec) for the Rocky Flats Alluvium (UHSU) is about three orders of 

magnitude greater than that for unweathered LHSU Laramie claystonks (geometric mean of 3 x lom7 
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cm/sec) (EG&G 1995b). The hydraulic’conductivities of LHSU materials are similar to that required 

for a landfill liner. Wells completed in the UHSU and LHSU generally have poor water-yielding 

characteristics that prevent their development as viable water sources for residential use, although a 

few isolated UHSU well locations (Le., bedrock sandstones in OU 2 (EG&G 1992) and valley-fill 

alluvium in Walnut Creek near Indiana Street (EG&G 1995d) have sustainable well yields that could 

support limited household use. 

surface topography, and ultimately discharges to one of three stream drainages which are the main 

The spread of individual groundwater contaminant plumes at RFETS is limited by natural 

hydrogeologic conditions, including: the magnitude and distribution of hydraulic conductivities and 

hydraulic gradients; limited aquifer extent and interception of plume fronts by hydrologic boundaries 

(i.e., interception of groundwater contaminant plumes by drainages); and other physical controls, 

such as bedrock topography and the presence of discontinuously saturated areas, that constrain and 

moderate groundwater and contam inant movement. 

. 

Generally, groundwater flows slowly at RFETS. For example, using Darcy’s Law, the velocify of 

groundwater moving laterally through the Rocky Flats Alluvium in the East Trenches Area is 

estimated to be about 50 feet.per year (assuming a hydraulic conductivity of 217.3 ft/yr, effective 

porosity of 0.1, and hydraulic gradient of 0.0213 ftlft). 

Because natural processes such as sorption and geochemical transformation reactions tend to 

attenuate the movement of organic contaminant plumes i n  groundwater, the velocity of contaminant 

movement is expected to be retarded relative to the groundwater flow velocity. Contaminants’in the 

East Trenches Plume are expected to migrate at rates ranging from about 2.5 and 25 feet per year, 

based on a reasonable range of retardation factors and neglecting the effects of dispersion and 

diffusion. Other processes may further attenuate contaminant movement, such as diffusion of 

aqueous contaminants into clayey matrix materials. Therefore, i n  some cases, plume front 

movement appears to be imperceptibly slow. The apparent slow migration rate of some contaminant 

plumes at RFETS, although not fully understood, provides a level of confidence that temporary 

deferment of remedial actions at these plumes will not result i n  undue risks to the environment. 
I 

Groundwater in the surficial deposits of the Ul-ISU generally flows to the east following bedrock and 

- .  
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These drainages 

the IA, and Rock 

an Creeks, which receive 

flow from areas 

essentially unimpacted by RFETS activities. Surface water flow from the IA is controlled by a series 

of impoundments in the Walnut and Woman Creek drainages. These impoundments also intercept 

groundwater flow associated with the valley-fill alluvium and promote intermingling of surface 

water with groundwater prior to release offsite. As a result, there is no known direct hydraulic 

connection between impacted groundwater at RFETS and offsite domestic wells. 

In partially saturated areas, alluvial UHSU groundwater has been shown to preferentially flow along 

predepositional channels cut into the underlying bedrock surface (see Figure 2-2). These chahnels 

are known to occur in the IA, Solar Ponds, 881 Hillside, 903 Pad, and East Trenches Areas. 

Groundwater flow is often concentrated within these channels, and hillside contact seeps result 

where these channels are cut by erosional surfaces. These channels restrict plume spreading and 

movement. Other hydrogeologic controls for groundwater flow and contaminant transport are 

hydraulic gradient, distribution of subcropping sandstones and claystones, and topography. In the 

IA, features such as interceptor drain systems, buried utility lines, and building foundation drains 

control groundwater flow. 

The lithologic and hydraulic characteristics of the LHSU cause it to act as a regional confining layer 

for the underlying Laramie-Fox Hi1 uifer. The LHSU is a natural barrier to vertical groundwater 

flow and contaminant transport that effectively isolates impacted UHSU groundwater from deeper 

strata and the Laramie-Fox 
3h 

uifer (Rh4RS 1996a). 

measure at least 600 feet in thickness as shown i n  Figure 

comparison, the average RCRA landfill is lined with only a few feet of similar material. These 

stratigraphic relationships, combined with an observed downward vertical hydraulic gradient, result 

in a LHSU groundwater flow regime that is effectively separated from the UHSU, and is 

predominantly vertically downward rather than horizontal. The available data from groundwater 

monitoring i n  the LHSU indicates that it is irncontamitiated. 

The available hydrogeologic and geochemical data suggest that fractures and faults.are not 

significant conduits for downward vertical groundwater flow at RFETS (RMRS 1996a). Evidence of 
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limited shallow hydraulic communication between UHSU and LHSU groundwater was found to exist 

in some wells, but these occurrences do not present a pattern consistent with known fault locations. 

Due to the thickness, lithology, and observed trend of decreasing hydraulic conductivity values with 

depth for the LHSU, it appears that the LHSU has sufficient hydrologic integrity to provide long 

term protection of the Laramie-Fox Hill gq ifer from shallow groundwater contamination (RMRS 

1996a). The executive summary of the White Paper - Analysis of Vertical Contaminant Migration 

Potential - Final Report, RF/ER-96-0040.UN is presented in Appendix C and summarizes the 

hydrologic information used to reach the above conclusions. 

t 

0 
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3.0 ACTION LEVELS AND STANDARDS 

The RFCA Preamble was used as the basis for development of t v i @ l s  a e d a r d s  

B e w o r k  fb@fac@.@un,&er, a@s. Protection o surface water quality is the 

primary basis for the cleanup andor management of contaminated subsurface soil and groundwater 

at RFETS. Surface water, groundwater, and soil cleanup are interrelated, and all three media were 

considered in developing a sitewide strategy for RFETS. 

The Action Levels and Standards Framework for Surface Water, Ground Water, and Soils 

(Attachment 5 of RFCA, July 19, 1996) was recently modified to incorporate the clarifications and 

resolutions of issues that were reached after RFCA was signed. The proposedkhanges are expected 

to be completed by October 18, 1996. The following sections summarize the approaches delineated 

in this document for monitoring and remediating surface water, groundwater, and subsurface soils 

for the purpose of protecting surface water quality and ecological resources. 

/ m'l d & ~ r \  led 

3.1 SURFACE WATER 
c 

Groundwater will be managed to protect surface water quality. During active remediation, surface 

water quality standards and surface water management activities will be different than those appl 

after remediation. The water quality standards will apply at points\of#compliance located at the 

outfalls of the terminal ponds and at the Site boundary. These values will also be used as action 

levels upstream from the terminal ponds at existing gauging stations. When cleanup activities ar 

complete, on-site surface water will meet surface water quality standards. 

Mfxfo 

3.2 GROUNDWATER 

As stated in the RFCA Preamble, domestic use of groundwater at RFETS will be prevented through 

institutional controls. Because no other human exposure to groundwater is foreseen, groundwater 

action levels are not based on human consumption or direct contact. Instead, action levels for 

groundwater have been selected to be protective of surface water quality and ecological resources. 

This framework for groundwater action levels is based on the assumption that contaminated 1 

groundwater emerges as surface water before leaving RFETS. 
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3.2.1 Action Levels 

The Working Group has defined the action levels for groundwater ds 

\VOC@Iy, based on Pdaximm C~dmrimmt LL"$@ M C L G a b l i s h e d  under the Safe Drinking 

Water Act. MCLs are well-established and accepted values that have been used to guide cleanup at 

other contaminated sites. Where an MCL for a particular VOC contaminant is lacking, the 

residential, ingestion-based Programmatic Risk-Based Preliminary Remediation Goal (PPRG)' value 

will apply. A two-tiered action level approach to groundwater cleanup and monitoring was 

developed to protect surface water and identify areas of groundwater contamination potentially 

requiring cleanup. Tier I action levels consist of near-source action levels for accelerated cleanups, 

and Tier I1 action levels are protective of surface water quality. This approach is described below. 

Tier I 

Groundwater Tier 1 action levels are based on 100 times the MCL (1 00 x MCL) and were developed 

to identify potential cleanup targets. Contaminant concentrations in groundwater above the Tier I 

action levels indicate the presence of groundwater contaminant sources which may pose a risk to 

surface water quality. If Tier I action levels are exceeded, an evaluation is required to determine if 

source removal, or other cleanup or management action is necessary to prevent highly contaminated 

groundwater (Le., contaminant concentrations exceeding 100 x MCLs) from reaching surface water. 

(The evaluation process is described in Section 4.1). This report represents the first phase of this 

evaluation. 

Where action is necessary, the type and location of the action will be delineated and implemented as 

an accelerated action. Additional contaminated groundwater that does not exceed the Tier I action 

levels may also need to be remediated or managed to protect surface water quality or ecological 

resources. .The plume areas to be remediated and the cleanup levels or management methods used, 

will be determined on a case-by-case basis. 

PPRGs were developed and approved by DOE, EPA, CDPHE, and EG&G in 1995 to establish sitewide 
cleanup targets for environmental contamination. 
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Tier II 

The Tier I1 VOC action levels for surface water quality protection were developed to prevent 

contaminated groundwater above MCLs from reaching surface water. When Tier I1 action levels are 

exceeded at the designated Tier I1 wells, groundwater management actions are triggered. Tier I1 

wells are located downgradient of existing plumes to detect the possible spread of the contarqinant 

plumes. If concentrations in a Tier 11 well exceed MCLs during a regular sampling event, monthly 

sampling of that well will be required. Three consecutive monthly samples showing contaminant 

concentrations greater than Tier I1 action levels will trigger a groundwater action. These actions will 

be determined on a case-by-case basis and will be designed to treat, contain, manage, or mitigate the 

contaminant plume. Such actions will be incorporated into the Environmental Restoration Ranking 

and will be given weight according to measured or modeled impacts to surface water. 

The Tier I1 action levels will be applied only at certain wells as described in Section 3.2 of RFCA 

Attachment 5. Table 3-1 presents the list of groundwater monitoring wells designated as Tier I1 

monitoring locations. These wells are located at or near the boundaries of the composite VOC 

plumes shown in Figure 3- 1. Additional Tier I1 monitoring wells may be installed, if necessary. The 

results of groundwater sampling and analysis at these wells will be integrated with concurrent 

surface water data for the purpose of evaluating potential impacts to surface water. 
< 

Table 3-1 Tier II Groundwater Monitoring Wells 

Well Number 
6586 
23 196 
23296 
75992 
0609 1 
23096 
10194 
1986 
1386 

Well Number 
P3 14289 
P3 13589 
7086 

1786 
10692 
4087 
E3206989 

io992 
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Groundwater Monitoring 

All long-term monitoring requirements for WETS, along with the Tier I1 wells identified in this 

&port, will soon be incorporated,into an Integrated Monitoring Plan (IMP). The document will 

combine and replace two pre-existing plans: (1) the Groundwater Protection and Monitoring 

Program Plan (GPMPP) (DOE 1993); and (2) the Groundwater Assessment Plan (GWAP) (DOE 

1992a). The document also will describe recent changes to the groundwater monitoring network. 

The IMP will list the wells with their appropriate data quality objectives, the sampling frequency, 

and analyte suite, as well as describe data evaluation and reporting methodologies. The IMP will 

also reference other implementation plans and decision documents from which the requirements are 

derived, and will be updated regularly as programmatic changes occur. 

< 

Analyte suites, sampling frequency, and specific monitoring locations will be evaluated annually to 

adjust to changing conditions such as plume migration and increased understanding of contaminant 

distributions. The present groundwater monitoring network will continue to operate as recently 

modified, until changes proposed in the IMP are agreed to by all parties. All groundwater 

monitoring data, as well as changes in hydrogeologic conditions and any exceedance of groundwater 

action levels, will be reported quarterly and summarized annually. 

All groundwater remedies, as well as some soil remedies, will require groundwater performance 

monitoring. The amount, frequency, and location of any required performance monitoring will be 

based on the type of remedy implemented and will be determined on a case-by-case basis within the 

specific decision documents. 

3.3 SUBSURFACE SOILS 

Action levels for VOCs in subsurface soils were developed to be protective of surface water quality 

through groundwater transport of leached contaminants. As there are too many variables to 

accurately model transport of inorganics (e.g., metals and radionuclides) in subsurface soils at 

WETS, the Tier I action levels are the same as Tier I action levels for the corresponding 

contaminants in surface soil. These action levels are human-health risk-based for the appropriate 
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receptor (office work or open-space recreational user), and the approach is conservative since future 

land use scenarios do not include contact witli subsurface soil. 

Action levels for VOCs in subsurface soils were calculated using a soil/water partitioning equation 

and a calculated dilution factor (EPA 1994). The partitioning equation used chemical-specific 

parameters and site-specific subsurface media characteristics to calculate the expected equilibrium 

partitioning of a given contaminant between the soil and groundwater. The dilution factor accounts 

for dilution up to the edge of the source location. Subsurface soil contaminant levels that would be 

protective of groundwater to Tier I action levels of 100 x MCLs were then calculated. These action 

levels for subsurface soils 

< 

provided in Table 4 of RFCA Attachment 5. 

Tier I action levels for radionuclides in subsurface soils are the same as Tier I action levels for 

radionuclides in surface soils, with the total dose from multiple radionuclides calculated by the sum- 

of-ratios method. These action levels are the more conservative of: 

0 

0 

An annual radiation dose limit of 15 mrem for the appropriate land use recept 

An annual radiation dose limit of 85 mrem for a hypothetical future resident assuming failure of 

passive control measures. 

0 

Additional subsurface soil may need to be remediated or managed to protect surface water quality or 

ecological resources. These additional sites will be determined on a case-by-case basis. 
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fl 3.0 ACTION LEVELS AN& STANDARDS 

The RF'CA P~amble was used as the basis for development ofthe action levels and standards 

fimework for surface water, ground water, and sods. Protection of surface water quality i s  the 

primary basis for the cleanup and/or management of contaminated subsurface soil and groundwater 
at Rx;ETs. Surface water, groundwater, and soil cleanup are interrelated, and all three media &em 
considered ia developing a sitewide strategy for WETS. 

es that were reached after RFCA was signed. 

by October 18,1996. Appendix B oontains th 
mges am expected 

standards. The following sections summarize the approaches delineated in this document for 
monitoring and remediating surface water, groundwater, and f&mdWhbils for the purpose of 

protecting su~%&e water quality and ecological resources. I 

3.1 SURFACE WATER 

Groundwater will be managed to protect surface water quality. During active remediation, surface 

water quality standards and surface water management ac t iv i t i e spe  &%rent than those ;&lied 
aRer rmdation.[!~ater quality standards will' apply at points-of-compliance located at the 
outfalls ofthe terminal ponds and at the Site boundary. These valwes will also be used as action 

&W - e f i M h  

levels upstroam fiom the terminal ponds at existing gauging stations. When cleanup activities are 

complete, on-site surface water will meet surface water quality standards. 

3.2 GROUNDWATER 

As stated in the WCA Preamble, domestic use ofgrouhdwater at WETS will be prsvented though 

hstitutiond controk. Baause no other human exposure to groundwater i s  foreseen, grouxldwater 

action levels are not based on human consumption or direct contact. Instead, action levels for 

goundwater have been selected to be protective of surface water quality and ecological. resources. 
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t 

This framework for groundwater action levels i8 bssed on the assumption that coatamhated 

groundwater emerges a8 surface water before leavhg WETS. 

3.2.1 Action Levels 

The Working Group hRs defuzed the action leve or groundwater Volat3e Organic Compounds 
(VOCs) d y ,  based on M&um Contamjnmt Levels (MCLs) established under the Safe Drinking 
Water Aot (see Appendix B). MCLs are well-established and accepted values that have been used to 

guide oleanup at other con tnminnted sites. Whew ax), MCL for a particular VM: contaminant i s  

b h g ,  the residential, ingestion-based lprogtammstic Risk-Baed Preliminary Remediation God 
(PPRG)' value will apply. A two-tiered action level approach to groundwater olmup and 

monitoring was developed to protect surface water and idenzifjr weas of groundwater contamhation 

potentially requirhg cleaxlup. Tier I action levels consist of near-soma action levels fbr accelerated 

clean-ups, and Tier XX action levels oue protective of surface water quality. This approach is 

described below. 

5 rc 

Tler I 

Tier 1 action levels were developed to identify potential cleanup target3 k~ areas where VOC 
contamination of groundwater exceeds 100 times the MCL (100 x MCL). These action levels 

identifv groundwater contaminant sources that pmsent a high0r potential risk to surface water quality 
that should potentially be addressed through an accelerated action. IfTier I action levels are 
exoeeded, an evaluation is required to determine if remedial or management action is necessary to 

prevent the highly contamhated (i.e., contaminant concentrations exceeding 100 x MCLs) 
groundwater fiom reaching surface water (the evdubon proess is described in Section 4.1). 'Fhis 
report represents the first phase ofthis evaluation. 

Where aatlon is newssary, the type and location of the action will be delineated and implemeated as 

an accclerated action, Additional contaminated groundwater that does not exceed the Tier I action 

levels may also need to be remediated or managed to protect surfacre water quality or wologkal 

PPRG8 were developed and approved by DOE, EPA, CISPHE, and EG&G to establish sitewide cleanup 
targets forr envhnmental contadnation, Reference needed 
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Table 3-1 

r e s o m ~ .  The pl~me areas to be remediated and the cleanup levels or management methods used, 
will be determined on a case-by-case basis. 

Tier II 

The Ticr a VOC action levels for surface water quality protection were developed to pmvexlt 
c;ontamhated groundwater from reaching surface water. When Tier Il action levels am exceeded at 

the designated Tier II wells, groundwater management actions are triggered. Tier rX wells am located 

downgradient of existing plumes to detect the possible spread ofthe Contatuhant plumes. I f  
concentrations in a Tier I1 well exceed MCLs during a regufar sampling went, monthly samplhg of 

that well. wa be required. Three consemtive monthly samples showing c o n t a m h t  concatrations 

greater than Tier Il action levels will trigger a groundwater action. Tlzsse actions will be dekmhed 

on a case-by-case basis and ~ l l  be designed to treat, contain, manage, or mitigate the contaminant 

plume, Such actions wil) be kcorprated kt0 the Envkcmmmtd Restomtion Ranking and will be 

given weight according to measured or modeled impacts to surfam water. 

"he Tier LI aGtiorr levels will be applied only at certain wells as described h Section 3 2 of Appndk 

B. Table 3-1. presents the list of groundwater monitoring wells designated as Tier Xr rnonitdng 
l&ons. "be% wells are located at or near the bouxldwies of the composite VOC p1umes &own in 
Figure 3-1, as described in Section 4.2. Additional Tier I1 monhorhg wells may be ins tdd ,  if 
necessary- J l e  results of groundwater sampling and analysis at these wells will be integrated with 
concurrent surface water date for the purpose of evaluating potential impacts to sluface water. 

WeU Number 

23196 
23296 
75992 
0609 1 
23096 
10194 
1986 
1386 

m 

Septembsr 1996 

P3 13 589 
7086 
10992 
1786 
10692 . 
4087 
B206989 
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Groundwater Monltorlng 

All lottg-tem monitoring requiremenb for RFETS, dong ~ t h  the Tier Ix wells identified in this 
Report, will soon be incorporated into an Integrated Monitoring Plan (IMP). The document will 
incorporate two preexisthap plans: (1) the Groundwater Protwtion and Monitoring P r o p  Plan 
(GPMPP) (DOE 1993); and (2) the Groundwater Assessment Plau (GWAP) (DOE 1992a). 'lihe 
document will dso describe recent Changes to &e grouadwater monitoring network. 

n e  mdF 4 1  list the wells with their appropriate regulatdry drlver, the samplhg fkquency, and 
Suite, a8 well as describe data evaluation and reporting methodolodes. The IMP will also 

refexence 0th~ hplementation plans and decision documents from which the requirements are 
derived, and will be updated regularly as programmatic changes oaw. 

1 

Analyte suites, sampling frequency, and speoific moaitorhg locations will be evaluated mually to 
adjust to changing conditions such as plume migration md hcreased understaadhg of contaminmt 

distributions. The present groundwater monitorbg network will coathue to operate as recently 
modified by the Groundwater Monitoring Working Group, until changH proposed in the IMP am 
ahpeed to by all parties. All groundwater monitoring data, as well a5 changes in hydmgeologb 
conditions and any sxceedmce of groundwater action levels, will be reported quarterly and 

summarizedannay. 

All groundwater remedies, as well. as some soil remedies, will require groundwater pmfomance 

modturing. The amount, fxequency, and bcatio~ of any perfixmame monitoring wiU be based on 
the type of ;remedy implemented and will be debmined on a caseby-case basis withh the SpeGjfiC 

decisioa documents. 

3.3 SUBSURFACE SOILS & 

Action levels for VOCs in subsurface soils were developed to be protective of surfaoe water qual&' 
through groundwater transport of leached c o r a t a m h a n t s ~ ~  ariables to 

KPETS,th ' / I 1 n , 
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Action 1 ~ ~ 1 s  for VOCs in subsurface soils were calculated using a soiVwater partitioning equation 
and a cdcdated dilution factor (€?PA 1994). The partitionhg equafjon used chemid-spcZc 

p ~ t i o n h g  of a given cmtamht between tbe soil. and Ipoundwater. '][he dllution factor account& 

for dilution up to the edge ofthe source location. Subsurfw soil contaminant levels that would be 

bokctive of groundwater to Tier I action levels of 100 x MCLs were then calculated These actiotl 

levels for subsurface soils and are provided in Table 4 of Appendix B. 

. permetmi and site-specgc subsurface media characteristics to determine the equilibrium 

Tier3 action levels for radionuclides in subsurface soils 1 
rs - 

1 dose from multiple radionuclide9 calculated by 

the sum-of-ratios method. the more conservative of: 

An mual radiation dose limit of 15 m m  forthe appropriate. land use receptor, or 

An annual radiation dose Ifrzlit of 85 mem for a hypothetjcal future residont assuming fdure of 

passive control measures. 
N k  WW&'&\&&+, L 

Additional subsurface soil may need to be remediated or managed to protect surface ww quality or 

ecologicd resources. These additional sites will be determined on a cass-by-case basis. 

3.4 Sv-& 
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I 4.0 GROUNDWATER CONTAMINANT PLUMES AND REMEDIATION 

~ 4.1 IDENTIFICATION 

The VO -c ntaminated groundwater plumes at RFETS have the most potential to impact surface 

water or to migrate offsite as the mobility of VOCs in groundwater far exceeds the mobility o n  

metals and radionuclides. These plumes were defined on the basis of the exceedances of the Tier I1 

action levels and are shown on Figure 3- 1. Tier I action levels were compared against all 

groundwater data to locate areas of highly contaminated groundwater. These areas were plotted and 

0 

are shown on Figure 4- 1 along with proposed locations of the conceptual groundwater actions. 

/ 
' ,  
-1 

The probable sources of the VOC contaminated groundwater plumes were identified using the 

available data and process knowledge. ~ ~ ~ o ~ ~ ~ g ~ r u n - ~ s e ~ g u ~ e ~ ~ 2 ) ~ d e s c ~ ~ b e s ~ ~ ~ r n e ~ ~ ~ e d  

~ ~ a ~ ~ ~ t ~ ~ c o ~ e s ~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ d e t e ~ ~ ~ ~ ~ ~ ~ i c ~ ~ e ~ ~ l d  be J 

f 

I 

Tier I action levels. In addition, there are several plumes and areas of interest where contaminant 

concentrations do not exceed Tier I action levels, or are of very limited extent, but that are of interest 

due their potential to impact surface water above RFCA action levels, or due to their contaminant 

concentrations. The groundwater contaminant plumes with VOC concentrations exceeding Tier I 

action levels are: (1) 88 1 Hillside Drum Storage Area Plume, (2) Mound Plume, (3) 903 Pad'and 

Ryan's Pit Plume, (4) Carbon Tetrachloride Spill Plume, (5) East Trenches Area Plume, and (6)  IA 

Plume. Additional plumes discussed that do not exceed the Tier I action levels, but may have the 

potential to impact surface water, include those at the Present Landfill, Solar Ponds, and the 
I _  

The 903 Pad and Ryan's Pit Plume, the Mound Plume, and the East Trenches Plume are part of a 

large composite plume on the east side of RFETS. Even though these contaminant plumes overlap, 

differing sources and flow paths make it effective to treat these parts of the large plume individually. 
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4.2 DESCRIPTIONS OF CONTAMINATED GROUNDWATER PLUMES . 

The extent of contaminated groundwater plumes in RFETS groundwater is not rapidly changing (see 

Section 2.0). The cont 

derived from the relev 

Report (EG&G 1995b). 

below with much of the data 

ydrogeologic Characterization 
f 

c3es SJ I 4.2.1 881 Hillside Drum Stor 

The 88 1 Hillside Drum Storage Are 1968 to December 1971. 

Primarily empty drums and scrap metal were stored at this location. Some of the drums had 

previously contained solvents and other organic chemicals. Other drums may have contained 

solvents or other organic chemicals contaminated with plutonium as indicated by the fact that 

hotspots removed in 1994 from this location had elevated plutonium levels (DOE 1995a). 

The OU 1 88 1 Hillside is located on a south facing hillside that slopes downward from Building 88 1 

to Woman Creek (Figure 4.2.1-1). The 88 1 Hillside is crossed by the South Interceptor Ditch (SID) 

which was designed to intercept surface water flow from the plant. In 1992, a French Drain was 

installed across the 881 Hillside to contaminated UHSU groundwater suspected to be 

flowing down the 881 Hillside. A 

contaminated groundwater to 

recovery well was installed in an area of known 

high levels of dissolved VOCs. 
I 

At the 88 1 Hillside, groundwater occurs in the unconsolidated surficial materials. The surficial 

materials and underlying 5 to 25 feet of weathered claystone are 100 to 10,000 times more permeable 

than the underlying unweathered claystone. This significantly limits the flux of groundwater into 

and through the unweathered claystone (DOE 1994a). 

Groundwater at the 881 Hillside does not exist within a continuous, homogenous, shallow aquifer 

system. The UHSU has a highly variable lithology and is not uniformly saturated across the Hillside. 

Large areas are dry, or contain water only in the ring when water table elevations are typically the 

highest. Groundwater is typically found in disconnected northwest-southeast trending paleochannels 

cut into the bedrock surface where there is a thicker section of colluvium and/or alluvium. Dry areas 

8 

appear to be coincident with bedrock highs and other areas with thinner sections of colluvium andor 

t 

September 1996 4-4 . .  



' RF/ER-95-0121,UN 
Draj  Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site 

alluvium. The bedrock topography and surficial deposit thickness can be used to extrapolate where 

groundwater flow may occur (DOE 1994a). 

Recharge to the UHSU is primarily through precipitation, with minor seepage from the Rocky Flats 

Alluvium. Discharge is primarily from evapotranspiration due to the dry climate and slow 

percolation rates, and is enhanced by the south facing slope of the Hillside. Discharge also occurs to 

the French Drain, the recovery well, and to surface water. Several small seeps are found along 

Woman Creek and along slump boundaries where UHSU groundwater intersects the surface. 

Aquifer tests estimate the average flow velocity at 70 feet per year near the 88 1 Hillside Drum 

Storage Area. Hydraulic conductivities of the surficial materials range from 3 x 10" to 2 x 

cm/sec. The transmissivity of the UHSU was calculated as 1.2 x 10 m /sec, approximately 100 

times less than what Driscoll(l989) considered sufficient to supply water for domestic or other low 

yield purposes. The volume of UHSU groundwater within the entire OU 1 88 1 Hillside Area was 

estimated at 5 acre-feet in April 1992 (DOE 1994a). 

-6 2 

Groundwater data collected since the installation of the French Drain suggests that the drain is 

successful in collecting much of the UHSU groundwater. For example, the UHSU monitoring wells 

downgradient of the French Drain are generally dry, suggesting that the area has been dewatered 

(DOE 1994a). 

The 881 Hillsid@@rag@a (IHSS 119.1) is the site of historic releases of chlorinated VOCs 

to the environment from drums stored at this location (Figure 4.2.1-1). These releases have resulted 

in the contamination of shallow alluvial groundwater which has formed a small contaminant plume 

extending about 300 feet to the south-southeast down the 881 Hillside along a paleochannel incised 

into the underlying weathered claystone. Unconsolidated sediments on both sides of this plume are 

unsaturated. 

< 

The source of the groundwater contamination was further characterized during the 1996 field 

program to obtain sufficient data to plan a source removal. The field investigation identified two 

potential source areas: one immediately east of the collection well and one 50 feet northwest of the 

collection well (Figure 4.2.1-1). The eastern source area underlies one of the radiological hot spots 

333 September I996 . - .  . . . .  . .  . . . .  4-6 
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removed in 1994. Both source areas could have been caused by leakage from individual drums 

(RMRS 1996b). 

The contaminants in the plume which exceed Tier I concentrations are primarily carbon 

tetrachloride, 1,l dichloroethene, tetrachloroethene, 1,1,1 -trichloroethane and trichloroethene. 
t 

Figure 4.2.1- 1 provides the distribution of contaminant concentrations in groundwater at this 

location. A small seep located south of IHSS 1 19.1 and downgradient of the French Drain along 

Woman Creek was sampled once and this sample contained a trace amount of VOCs. It is not clear 

if the VOC concentrations in the seep water are related to the contaminant plume. 

The contaminated groundwater plume is upgradient of the French Drain and does not appear to be 

increasing in size. The recovery well is located within this plume and collects approximately 100 to 

150 gallons per day. This well appears to collect most of the contaminated groundwater originating 

from the contaminated groundwater plume. The French Drain remains in operation and continues to 

collect relatively uncontaminated groundwater which is treated at the Building 89 1 Consolidated 

Water Treatment Facility. The area immediately downgradient of the French Drain is unsaturated, 

indicating that the French Drain has dewatered much of the area. 

t 

The preferred remedy for this plume is source removal which was mandated by the 1995 dispute 

resolution committee composed of DOE RFFO, EPA and CDPHE. A Record of Decision (ROD) is 

currently in progress which will establish a remedial action based on the Public Comments to the 

recommended alternative of source excavation presented in the Proposed Plan (DOE 1996a). 

4.2.2 Mound Site Plume 

The Mound Site was used for as a disposal site for approximately 1,405 drums from April 1954 to 

September 1958. Drums contained depleted uranium, beryllium, lathe coolant (about 70% hydraulic 

oil and 30% carbon tetrachloride) and tetrachloroethene. Plutonium contaminated waste was also 

stored at this location, but plutonium levels were below detection limits. After it was noted that 

some of the drums were leaking, the drums were removed along with visibly stained soil. In 

addition, radioactive soils were removed at later dates. 

September 1996 
. .. 

4-7 
. _ .  



RF/ER-95-0121. UN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technqlogy Site 

The OU2 Phase I1 RFIRI investigation identified acetone, methylene chloride, tetrachloroethene, 

trichloroethene and cis- 1,3,-dichloropropene in the subsurface soils (DOE 1995b). Characterization 

results indicate increasing 'concentrations of tetrachloroethene and trichl_qroethene to a depth of 20 
hide 

feet and decreasing concentrations below that depth. The recent Moundhvestigation (report in x 
preparation) delineated the area of contamination as occurring near borehole 14295 and well 1987, 

comprising approximately 400 cubic yards. 

The Mound Site is located at the northern edge of the pediment where up  to 12 feet of Rocky Flats 

Alluvium overlies fractured claystone of the Arapahoe Formation. The topography slopes steeply to 

the north away from the Mound Site towards the incised drainage of South Walnut Creek. The 

Arapahoe No. 1 Sandstone subcrops under the alluvium at the northwest comer of the Mound Site. 

This sandstone is truncated by the South Walnut Creek drainage and subcrops beneath the colluvium 

between the Mound Site and South Walnut Creek. 
< 

In the vicinity of the Mound Site, the Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses. The hill 

slope below the contact between the Rocky Flats Alluvium and the underlying Arapahoe Formation 

is covered with unconsolidated colluvium primarily composed of clay, or silty and/or sandy clay. 

Caliche is common in both alluvium and colluvium. There are numerous slump features 

on the hill slope. 

Depth to groundwater is approximately 12 feet at the Mound Site (within the weathered bedrock), a 
and unconsolidated materials are generally d q h u c h  of the year. Saturated alluvium occurs in 

bedrock lows and paleoscours in the top of the bedrock. The groundwater flow appears to be 

primarily along the bedrock surface and is probably controlled by small channels incised into the 

bedrock surface. Groundwater flows to the north through the No. 1 Sandstone until it subcrops 

beneath the colluvium, indicated by a line of seeps along the slope towards South Walnut Creek. 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x 

geometric mean for unweathered bedrock is 8 x 

groundwater into the underlying unweathered claystone is limited (DOE 1995b). 

cm/sec. The 

cm/sec. The 

cm/sec. Infiltration of precipitation or UHSU 
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Recharge occurs primarily through local infiltration of precipitation. The Central Avenue Ditch runs 

along the southern boundary of the Mound Site and probably also recharges the UHSU groundwater 

in this area. Discharge from the UHSU is mostly through seeps located where the water bearing 

units are truncated by the South Walnut Creek, and through evapotranspiration. 

The groundwater contaminant plume is poorly defined, but it is suspected to extend northward from 

the former location of the Mound Site (Figure 4- 1 &a point of discharge along the south bank of 

South Walnut Creedpstream of the WETS Sewage Treatment Plant. Depending on the season, 

there may be many unsaturated areas within the plume. Dense nonaqueous phase liquids (DNAPLs) . 

in the Mound Site area are suspected to be the source of the groundwater contamination. Trench T-1 

could possibly contribute to this plume; however, dry wells between the Trench T-1 and the Mound 

Site indicate that the Mound Site is the primary source of the contaminated.groundwater plume. The 

groundwater plume at the Mound Site apparently receives only minor contribution from VOC 

~GZ~IIY 11s in both the No. 1 Sandstone and alluvium upgradient of the 

tal VOCs (DOE 1995b) (Figure 4.2.2-1). There is an east-west 

bedrock high located between the 903 Pad and Mound Site, near the south side of the Mound !ite 

(Figure 4.2.2-2). VOC contaminated groundwater from the 903 Pad generally flows to the south of 

the Mound Site, on the south side of this bedrock high. 

ound Site contain 0 to 2 g/l 

331, 

Thirty-five VOCs were detected in the contaminated groundwater at the Mound Site. All except 

tetrachloroethene, trichloroethene, cis- 1,2-dicIiloroethene and vinyl chloride were below 100 ug/l. 

Tetrachloroethene was the predominant contaminant with the highest concentration of 13,000 ug/l 

found at the Mound Site. The maximum concentrations of cis- 1,2-dichIoroethene (2 14 ug/l) and 

trichloroethene (4 10 ug/l) were detected with the maximum tetrachloroethene value. Concentrations 

of these chemicals decrease towards South Walnut Creek. The maximum vinyl chloride 

concentration detected was 860 ug/l in a well along the South Walnut Creek drainage. The well is 

located over 500 feet from the source area, which indicates that this is a degradation product, not a 

primary constituent (DOE 1995b). 

The contaminant plume is discharging through surface and subsurface seeps along the hillside, and 

along seeps on the south bank of South Walnut Creek. At  seep SW059, groundwater containing low 
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levels of VOCs with trace amounts of radionuclides discharges at a rate of 0.5 gallons per minute, or 

less. The seep water is collected and treated at the Building 891 Combined Water Treatment 

Faci 1 ity . 

4.2.3 The 903 Pad and Ryan's Pit Plume 

This contaminant plume has two closely spaced sources: (1) VOCs associated with drums formerly 

stored at the 903 Storage Area, where the contents of the drums leaked into the subsurface and x d (2) Ryan's Pit where VOCs were disposed of in a trench (Figure 4- 1). The 903 Pad 

(DOE 1995b) and the following information was 

derived from that report. 

The 903 Pad area was used to store drums that contained radioactively contaminated oils and vekztda 

OC&rom the summer of 1958 to January 1967. Approximately three fe twk 
qo€deKs 

of the drums contained plutonium-contaminated liquids while most of the remaining drums 

contained uranium-contaminated liquids. Of the drums containing plutonium, the liquid was 

primarily lathe coolant and carbon tetrachloride in varying proportions. Also stored in the drums 

were hydraulic oils, vacuum pump oils, trichloroethene, tetrachloroethene, silicone oils, and acetone 

still bottoms. 

Leaking drums were noted in 1964 during routine handling operations. The contents of the leaking 

drums were transferred to new drums, and the area was fenced to restrict access. When cleanup 

operations began in 1967, a total of 5,237 drums were at the drum storage site. Approximately 420 

drums leaked to some degree. Of these, an estimated 50 drums leaked their entire contents. The 

total amount of leaked material was estimated at around 5,000 gallons of contaminated liquid 

containing approximately 86 grams of plutonium. From 1968 through 1969, some of the 

radiologically contaminated material was removed, the surrounding area was regraded, and much of 

the area was covered by clean road base and an asphalt cap. 

1 

Ryan's Pit, previously referred to as Trench T-2, is located approximately 150 feet south of the 903 

Pad (Figure 4.2.2-1). The dimensions of tl are approximately 20 feet long, 10 feet wide, and 
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five feet deep. The Pit was used as a waste disposal site from 1969 and 1971 for nonradioactive 

liquid chemical disposal. VOCs disposed at this location included tetrachloroethene, trichloroethene, 

and carbon tetrachloride. In addition to VOC disposal, paint thinner and small quantities of 

construction-related chemicals may also have been placed in Ryan’s Pit. According to historical 

data, only the liquids themselves were put in the pit; their containers were either reused or dilposed 

of in other areas. 

Materials placed in the Pit were supposedly screened for radionuclide activity prior to disposal. 

However, field investigations conducted in 1987 through 1993 do not substantiate this claim. The 

contaminated soils were removed from this site and treated during the 1995 removal action at Ryan’s 

Pit. Free phase tetrachloroethene and motor fuel constituents were found during this removal action, 

along with degraded drums and plutonium contaminated soils. Free phase DNAPLs are also 

suspected to exist underneath the 903 Pad as high concentrations of VOCs are present in the 

groundwater (greater than 1% of the chemical’s solubility). 

The 903 Pad is located on the flat surface at the southern edge of the pediment. A south facing 

hillside slopes downward from the 903 Pad to the SID and Woman Creek. Ryan’s Pit is located on 

the hillside about 200 feet from the southern edge of the 903 Pad. In the 903 Pad area, the Rocky 

Flats Alluvium is 10 feet thick at the northwest corner of the Pad which is near a bedrock high, and 

25 feet thick at the southeast corner which is within a bedrock channel. The 903 Pad is paved with 

asphalt, and artificial fill is present under the 903 Pad and covers a large area to the south and east of 

the Pad. 

c2 The Rocky Flats Alluvium is truncated by erosion and does not extend to %Ryan’s Pit re . The 

Ryan’s Pit &cia1 . .  deposits consist of reworked Rocky Flats Alluvium that has been transported 

down slope, along with other clay-rich colluvium deposits and fill material. Surficial deposits 

consist of colluvium between one and eight feet thick which is primarily clay, and silty or sandy 

clay. Caliche is common in both the alluvium and colluvium. Groundwater at Ryan’s Pit is between 

3 to 10 feet below ground surface. On the slope, there are numerous slump features, and a large 

scarp face is located between the 903 Pad and Ryan’s Pit. 
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Bedrock in the 903 Pad and Ryan’s Pit area is primarily composed of weathered claystone of the 

Arapahoe and Laramie Formations. In addition, the Arapahoe No. 1 Sandstone subcrops under the 

alluvium at the extreme northwest corner of the 903 Pad. This sandstone is continuous with the 

Arapahoe No. 1 Sandstone at the Mound Site, where it is truncated by the South Walnut Creek 

drainage. The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x lo4 

cm/sec. The geometric mean for the Araphoe No. 1 Sandstone hydraulic conductivity is 7 x lo4 

cm/sec. The geometric mean for unweathered bedrock is 8 x IO-* cm/sec. Infiltration into the 

underlying unweathered claystone is limited. (fd] 

Groundwater flow is complex and is primarily controlled by bedrock surface features, interactions 

between geologic units, and variations in saturated thicknesses. Groundwater flow paths in alluvial 

materials in the 903 Pad and Ryan’s Pit area are relatively well-defined by contact seeps with the 

underlying bedrock materials and by numerous wells. However, groundwater flow through the 

hillside colluvium and bedrock is poorly understood. Areas of unsaturated colluvium are common 

and prediction of local flow paths is difficult. Depending on the season, there may be many 

unsaturated areas within the plume. Discharge of contaminated groundwater has not been observed 

from the colluvium or weathered bedrock portion of this plume. 

A large bFdrock low (paleoscour) extends from the 903 Pad east and passes directly south of the 

_Nort -F east O Trenches. This paleoscour is bounded by bedrock highs to the north and south. Near the 

903 Pad, there is 20 to 25 feet of relief between the paleoscour and the northern bedrock high, and 5 

to 10 feet of.relief between the paleoscour and southern bedrock high (see Figure 4.2.2-1). The 

paleoscour directs groundwater flow to the east till it is truncated by the South Walnut Creek 

drainage where alluvial groundwater discharges into the head of a well-developed gully. 

Groundwater flow from the 903 Pad towards the SID and Woman Creek also occurs either by 

overtopping of the lower, southern bedrock high, or through breaks in the bedrock high. During dr] 

periods, the bedrock highs restrict alluvial groundwater flow to the south and north. During wet 
t 

periods, when the levels are very high, flow may overtop these barriers, 

primarily to the south. 

Groundwater flow in the colluvium follows north-south trending small paleochannels cut into the 

underlying bedrock claystone. One narrow paleochannel, approximately 150 to 300 feet wide, 
- .  
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extends from the 903 Pad south 

these paleochannels is unsaturated. The southern extent of groundwater flow is not well defined due 

(Figure 4.2.2-1). The areas surrounding 

to lack of well control. 

Recharge is primarily from infiltration of precipitation along with some recharge from ditches and 

other surface water features. Wells located to the west of the 903 Pad are generally dry as alluvial 

groundwater inflow from the west is restricted by the claystone bedrock high just west of the 903 

Pad. Unconsolidated materials within the medial portion of the paleoscour tend to be saturated, with 

the extent of saturation greatest during the pring. Groundwater flow occurs through the No. 1 

Sandstone until it subcrops beneath the colluvium. Discharge is primarily to seeps located where the 

water bearing units are truncated by the South Walnut Creek drainage. All UHSU groundwater is 

discharged to seeps or into the colluvium. 

4 

' 

The 903 Pad and Ryan's Pit Plume is defined as the lobe of contaminated groundwater that flows 

southward from these two source areas. This plume flows southward toward the SID and Woman 

Creek drainage. The lobe of contaminated groundwater which flows eastward from the'903 Pad is 

addressed as part of the East Trenches Plume (Figure 4.2.2-1). 

Contaminated groundwater in the 903 Pad and Ryan's Pit area is primarily confined to the alluvium 

and colluvium. Total VOC concentrations for the Arapahoe No. 1 Sandstone are approximately 

2,500 ug/l adjacent to the west edge of the 903 Pad with concentrations at other locations less than 2 

ug/l or non-detea.  Fifty-seven VOCs were detected in UHSU groundwater for this plume. ' 
However, the primary contaminants are carbon tetrachloride, tetrachloroethene, and trichloroethene. 

The southern component of the contaminant plume derived from the 903 Pad contains total VOCs in 

the 5,000 ug/l range near the Pad, diminishing to 1,500 to 2,000 ug/l range upgradient of Ryan's Pit. 

Downgradient of Ryan's Pit, the total VOC concentration in groundwater ranges from 57,000 ug/l 

near the Pit to 5 ug/l near the distal end of the plume. The total VOC concentration in contaminated 

Y 

groundwater from the 903 Pad which does not also flow Pit source is also 

estimated at 5 ug/l when it nears Woman Creek drainage. 

The highest concentrations of many VOC contaminants in the former OU 2 area are located within 

this plume. The highest concentration of tetrachlor6ethene (1 50,000 ug/l) was detected immediately 
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downgradient of Ryan's Pit and occurred with 1,l-dichloroethene at 380 ug/l. A well installed 

through the center of the 903 Pad contained concentrations of carbon tetrachloride in groundwater at 

20,000 ug/l, chloroform at 39,000 ug/l and methylene chloride at 35,000 ug/l. A well installdd 

though the northeast corner of the Pad detected tetrachloroethene at 14,000 ug/l. The highest 

concentrations of VOCs in groundwater are near the 903 Pad and Ryan's Pit sources, although wells 

with VOC concentrations exceeding Tier I levels have been observed within the plume away from 

these sources (Figure 4.2.2- 1). 

Contaminated groundwater containing tetrachloroethene and trichloroethene may eventually enter 

and Woman Creek surface water pathways if no actions are taken to the S- 

manage this plume. Discharge of contaminated groundwater into Woman Creek would pose a 

SID . 

potential risk to the environment. Collection and treatment of contaminated groundwater from the 

903 Pad and Ryan's Pit plume w&i reduce the risk to the environment posed by uncontrolled releases 
P-7  *+LJ 

to surface water. (GSO 

no 
4.2.4 Carbon Tetrachloride Spill Plume 

< 

The Carbon Tetrachloride Spill (IHSS 118.1) is located due north of Building 776 and east of 

Building 730 (Figure 4.2.4-1). While there are other IHSSs that overlap IHSS 118.1, (IHSSs 121- 

Tank 9, 121-Tank 10, 13 1, and 144[N]), the contamination in the area is primarily related to the 

carbon tetrachloride spills. 

IHSS 1 18.1 is the site where an underground, 5,000-gallon, carbon tetrachloride steel storage tank 

and the associated piping were formerly located. The tank was installed prior to 1970, and probably 

began leaking short1 after installation. Numerous spills occurred before 1970, some between 100 to A 
The tank ultimately failed in June 1981, releasing carbon tetrachloride 

the containment structure. The carbon tetrachloride was pumped from the containment structure 

to the surrounding ground surface, and the tank was removed along with a limited amount of soil 

surrounding the tank. The surrounding concrete containment structure was probably removed at this 

time also, but this has not been verified. 
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The surrounding area has numerous underground and overhead utilities and structures. These 

include clay sanitary sewer lines, electrical lines, tunnels between buildings, process waste lines and 

process waste tanks. Immediately east and partially overlapping this site is a group of four process 

waste tanks oriented east-west, tank groups T-9 and T-10. T-9 consists of two 22,500 gallon 

underground concrete storage tanks. T- 10 consists of two 4,500 gallon concrete underground tanks. 

Both sets of tanks were installed in 1955, but are no longer used as process waste tanks. T-9 is 

currently being utilized as a plenum deluge catch tank for Building 776. No releases from either set 

has been documented (DOE 1995~).  

Due to past construction activities in this area, the material overlying the claystone bedrock-is 

predominantly fill material, probably derived from the Rocky Flats Alluvium, along with some 

remaining undisturbed Rocky Flats Alluvium. The Rocky Flats Alluvium consists of unconsolidated 

gravels, sands and clays with discontinuous lenses of clay silt and sand. The geometric mean for the 

hydraulic conductivity of the Rocky Flats Alluvium is estimated at 2.06 x lo4 cm/sec. (d.) 

The recent IA investigation found free product in the subsurface soil and groundwater related to 

IHSS 1 18.1. All four of the soil borings drilled around T-9 and T- 10 intercepted free-phase carbon 

tetrachloride (DOE 1995~).  When a water sample was collected at this location, the liquid separated 

into two distinct phases. Other VOCs may be present, but the high concentrations of carbon 

tetrachloride may mask their detection. The top of bedrock surface prior to construction of Building 

771 sloped to the northeast. Excavation during construction of this building altered this surface as 

the claystone surface was found 10 feet or more below where it was expected during the recent field 

investigations. Excavation may have either increased the slope of the bedrock surface, or created a 

bedrock low closed by the building. The bedrock in this area is claystone which limits vertical 

migration of the carbon tetrachloride. As carbon tetrachloride sinks to the lowest possible depth, the 

bedrock surface, building footing drains, and subsurface structures probably control the extent of the 

free-product plume and much of the dissolved phase portion of the contaminated groundwater plume. 

2 

Groundwater flow in this area is to the northeast towards Buildings 771 and 774 where there are 

known footing drains (Figure 4.2.4-2). Buildings 701 and 730 are not believed to have subsurface 

structures. Monitoring wells in the area contain carbon tetrachloride CCh 
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< 
indicates that a dissolved plume is present in the groundwater. In addition to carbon tetrachloride, 

several other VOCs are present in the groundwater plume; primarily 1, 1-dichlorethene, chloroform 

and acetone (Figure 4.2.4- 1). This contaminated groundwater plume may eventually reach the North 

Walnut Creek drainage, especially after removal of the surrounding buildings. 

Carbon tetrachloride and trichloroethene concentrations have been detected in a downgradient well 

completed in the Arapahoe No. 1 Sandstone at the western edge of the Solar Ponds, due east of IHSS 

1 18.1. Carbon tetrachloride concentrations range from approximately 1,000 to 2 1,000 ug/l and the 

trichloroethene concentrations range from 2,000 to 8,000 ug/l. The concentrations fluctuate greatly 

over time, but there is a general decreasing trend. The carbon tetrachloride spill is believedto be the 

source of this contamination and, if true, this would indicate that there is some eastward movement 

of the dissolved phase of the plume. The decreasing trend over time may be a result of the VOCs 

originally in the vadose zone at the time of the spill, flushing out of the upper soil horizon andor  

settling to the bedrock surface, where there is less contact with groundwater. It is also possible tha 

the Solar Ponds VOC contaminantion is related to a still unidentified contaminant source. 

The Solar Ponds area is in hydraulic connection with subcropping Arapahoe No. 1 Sandstone which 

could act as a conduit to surface water for the dissolved phase carbon tetrachloride plume. The extent 

of the contamination in the sandstone is unknown, and a limited investigation is proposed to 

determine the extent of contamination and whether there is a pathway to surface water. 

4.2.5 East Trenches Plume 

A large plume of contaminated groundwater is located in the East Trenches area, primarily 

associated with the trenches on the north side of the East Access Road. These trenches are known as 

the Northeast Trenches and include Trenches T-3, T-4, T- 10 and T- 1 1. Upgradient wells indicate a 

component of the contaminated groundwater in this area is derived from the VOC contamination in 

the 903 Pad (see Section 4.2.3 and Figure 4.2.2- 1). However, the VOC concentrations in 

groundwater increase over 100 times after the groundwater Trenches T-3 (IHSS 110) 

and T-4 (IHSS 11 1.1), indicating a VOC source is present. 
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Trench T-3 is located approximately 300 feet north of the East Access Road and immediately west of 

Trench T-4. Trench T-3 is approximately 134 feet long, 20 feet wide and 10 feet deep (DOE 1992b). 

Trench T-4 is approximately 110 feet long, 15 feet wide, and 10 feet deep (RMRS 1996~).  The 

trenches were reportedly used sometime between 1954 to 1968 for disposal of sanitary sewage 

sludge, potentially contaminated with uranium and plutonium, and flattened empty drums 

contaminated with uranium. The trenches are also known to contain DNAPLs, crushed drums, and 

other miscellaneous waste. Except for the debris found in the trenches, activities of the trench 

material are below the WETS soil put-back levels. . 
< 

Trench T-3 and T-4 are located at the northern edge of the pediment where up to 18 feet of Rocky 

Flats Alluvium overlies fractured claystone and the No. 1 Sandstone of the Arapahoe Formation. 

Beyond the pediment boundary, the topography slopes steeply to the north towards South Walnut 

Creek. Both the alluvium and the Arapahoe No. 1 Sandstone are truncated by the South Walnut 

Creek drainage. Both of these trenches have been excavated as a source removal action in 1996. 

The unconsolidated surficial deposits consist of the Rocky Flats Alluvium and artificial fill in the 

trenches and are generally dry. The Rocky Flats Alluvium consists of beds and lenses of poorly to 

moderately sorted clayey and silty gravels and sands interbedded with clay and silty lenses or beds. 

Thickness of the alluvium is approximately 18 feet at Trench T-4 and 16 feet at Trench T-3. Below 

the outcrop of the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

Formation, the slope is covered with unconsolidated colluvium primarily composed of clay, or silty 

and sandy clay. Caliche is common in both alluvium and colluvium. On the slope, there are 

numerous slump features. c 

Underlying the alluvium to the north of the trenches is the cont.inuation of the claystone bedrock high 

from the 903 Pa 

10 to the south of Trenches T-3 and T-4 (Figure 4.2.2-2). This feature directs the surficial 

groundwater flow to the east, away from South Walnut Creek. However, the Arapahoe No. 1 

Sandstone subcrops beneath the eastern portion of trench T-3 and most of Trench T-4. This fluvial 

sandstone is incised into the surrounding bedrock claystone and consists of sandstone, clayey 

sandstone, and silty sandstone. The channel of the Arapahoe Formation No. I Sandstone is 

approximately 40 feet thick and mostly saturated. Groundwater flow is general!y unconfined, and 

a. The center of the associated paleoscour runs beneath Trenches T- 1 1 and T- @ 
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flow within the channel is northward towards South Walnut Creek (EG&G 1995~).  The sandstone 

subcrops beneath the colluvium between the trenches and South Walnut Creek at a spring and seep 

complex. 

1 

The geometric mean for the Rocky Flats Alluvium hydraulic conductivity is 6 x 

geometric mean for the. Arapahoe No. 1 Sandstone hydraulic conductivity is 7 x lo4 cm/sec and the 

cm/sec. The 

geometric mean for unweathered bedrock is 8 x IO-* cm/sec. Infiltration into the underlying 

unweathered claystone is limited. 

Recharge of the Rocky Flats Alluvium is primarily through infiltration of precipitation, and- 

upgradient flow from within the paleoscour. Recharge to the No. 1 Sandstone is from infiltration of 

precipitation through the surficial deposits, and some flow from upgradient. Discharge is primarily 

to seeps and springs located where the water bearing units are truncated by South Walnut Cree 

by evapotranspiration. 

Contaminated groundwater occurs in the alluvium and in the No. 1 Sandstone that is in hydraulic 

connection with the alluvium. While 27 VOCs were detected within the UHSU groundwater, the 

majority were detected at concentrations below 100 ug/l. The major contaminants are 

trichloroethene (maximum value of 94,000 ug/l), carbon tetrachloride (maximum value of 4,500 

ug/l), and tetrachloroethene (maximum value of 1,000 ug/l). During the Soil Vapor Extraction Pilot 

Test Project, stratified water/NAPL samples were collected and analyzed from Trench T-3. These 

samples contained high levels of VOCs, up to 37,000,000 ug/l for tetrachloroethene along with 

semivolatiles, petroleum compounds, and uranium-23 8 at concentrations up to 3,240 pCi/g (DOE 

1995b). In addition, borehole samples collected from T-4 contained 12,000 ug/kg tetrachloroethene 

and 1,000 ug/kg trichloroethene. 

1 

The downgradient boundary of the contaminant plume is located at a spring and seep complex on the 

south bank of South Walnut Creek, above Ponds B-1 and B-2, where the No. 1 Sandstone subcrops. 

Concentrations of VOCs above 100 x MCLs have been detected by a recent sampling program 

conducted at the seep complex. There may be potential ecological impacts because water from the 

contaminant plume containing tetrachloroethene and trichloroethene has reached South Walnut 
1 
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Creek. If concentrations in the seep complex increase over time, a greater contam'inant mass may 

reach surface water. 

A lobe of this contaminant plume extends to the east of the East Trenches area along the paleoscour 

cut into the bedrock surface. However, contaminated groundwater has not reached surface water. 

Uncontaminated alluvial groundwater discharges downgradient of this lobe as seeps in an unnamed 

tributary drainage to South Walnut Creek. This groundwater will continue to be monitored ensure 

that contaminated groundwater from this lobe does not impact surface water. 

4.2.6 IA Plume 

Several sources in the IA contribute trichloroethene, tetrachloroethene, and carbon tetrachloride to 

the contaminated groundwater plume in the IA. The plume is defined based on a small number of 

wells, and is thought to be principally confined to the east central side of the plant. It is not clear 

whether it is a large coalesced plume, or discrete areas of contaminated . .  groundwater closely 

associated with individual source areas. The contaminated groundwater plume is outside of the 

fenced portion of the protected area (PA) and extends downgradient towards the central portion of 

the IA. .Primary contaminant sources are described below and shown on Figure 4.2.4-1. 

IHSSs 117.1 was used as a general storage yard from before 1959 to the early 1970s and is located 

northeast of Building 55 l'fEOE, 1992b): The IA  soil gas investigations found elevated soil gas 

levels of tetrachloroethene (2,200 ug/l), with less than 20 ug/l concentrations of trichloroethene and 

carbon tetrachloride and cis- 1,2-dichIoroethene. Elevated benzene, toluene, ethylbenzene and 

xylene (BTEX) levels are present in the southwest edge of the IHSS -data summa& 

-4 

IHSS 117.2, located east of Building 551, was used as a chemical storage site from prior to 1971 

until approximately 1988. This site was used to store acids, oils, soaps, solvents, and beryllium scrap 

metal. Minor leaks and spills occurred (DOE 1992b). The IA soil gas investigations determined the 

presence of elevated levels of 1,l-dichlorethene (2,700 ug/l) along with concentrations above 100 

ug/l for vinyl chloride, cis- 1,2 dichloroethene, trans- 1,2-dichIoroethene, trichloroethene, and 

tetrachloroethene. Elevated concentrations of BTEX are also present (DOE 1995d). 
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There'have been numerous carbon tetrachloride spills within Building 776, resulting in suspected 

under building contamination. This building may be the source of low level concentrations of carbon 

tetrachloride in groundwater on the eastern side of the plantsite. 

The IHSS 157.1 is adjacent to the Building 442 Laundry. Very low level concentrations (below 5 

ug/l) of tetrachloroethene P ere detected in soil gas samples from this location (DOE 1995d). @T 1 

IHSS 158 is an area where waste boxes were staged and loaded onto rail cars. This area is 

considered a radioactive site, and is located north of Building 55 1. Soil gas surveys found 

concentrations above 100 ug/l for vinyl chloride, toluene, and BTEX at this location (DOE 1995d). 

IHSS 160 is a parking lot on the west side of Building 444. Drummed and boxed wastes were stored 

at this location prior to paving, and leaked (HRR). The soil gas survey detected tetrachloroethene at 

99 ug/l at this location. Concentrations less than 10 ug/l each of toluene, acetone, and benzene are 

also present (DOE 1995e). 

IHSS 171 is a training area for fire department personnel. In the past, diesel, gasoline and possibly 

waste solvents were ignited for fire fighting training purposes. The area is currently in use, and a 

metal tree is used for burning propane for training. Large volumes of water are used during training 

which may tend to accelerate migration of any contaminant plume. As expected, large 

concentrations of BTEX are present in the subsurface soils. Soil gas samples do not indicate high 

concentrations of VOCs. However, during drilling of a geoprobe hole in this IHSS, the rod came up 

coated with a brown liquid. Unfortunately, a sample could not be collected for analysis. It is 

possible that free product VOC does exist at this location (DOE 1995d). 

< 

The hydrogeology of the IA has not been as extensively studied as other areas at RFETS. The 

Hydrogeologic Characterization Report (EG&G 1995) was the primary source for the following 

hydrogeologic information. The IA is located on a pediment capped by the Rocky Flats Alluvium. 

The pediment has been eroded at the sides to expose the underlying claystone of the Arapahoe and 

Laramie Formations. The Rocky Flats Alluvium consists of unconsolidated gravels, sands and clays 

with discontinuous lenses of clay silt and sand. Fill material is abundant and usually consists of 
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reworked Rocky Flats Alluvium. The geometric mean for the hydraulic conductivity all of WETS 

Rocky Flats Alluvium is 2.06 x cm/sec. 1 

Groundwater occurs under unconfined conditions and flow is generally controlled by the topography 

of the underlying bedrock surface. Groundwater flow direction in the IA is generally eastward, with 

groundwater in the northern sections flowing to the northeast (Figure 4.2.4-2). Several building 

footing drain systems locally impact groundwater flow. Small bedrock channels are known to occur 

which direct the groundwater flow. 

The IA groundwater plume is greatly influenced by the WETS infrastructure. Groundwater 

recharge in the IA is from upgradient flow, infiltration of precipitation and substantial water losses 

from sewers and water-supply pipelines. Reduction of recharge from these sources could 

significantly reduce the potential for contaminant migration in the subsurface. 

The saturated thickness in the IA is typically 5 feet or less, with the greatest saturated thicknesses in 

the western part of the IA, decreasing to less than 5 feet in the eastern half of the IA. There are many 

unsaturated zones, particularly in the eastern half of the IA. These unsaturated areas are controlled 

by the bedrock, with bedrock highs generally dry. The decrease in saturated thickness in the eastern 

half of the IA may be caused by impermeable areas, such as parking lots and buildings, which 

greatly limit infiltration. In addition, areas of high local recharge may be created adjacent to the 

impermeable areas. Approximately 190 of 438 acres within the IA are covered by impermeable 

1 

material. As a result, a greater amount of storm water runoff is channeled to permeable areas and 

may account for the large variations in saturated thickness. 

Discharge from the IA is probably primarily to building footing drains, engineered structures such as 

the OU 1 French Drain and the Solar Ponds Interceptor Trench System, and potentially to seeps at 

the boundary of the IA. Both the Interceptor Trench and OU 1 French Drain have removed sufficient 

water from the surficial deposits to cause these to be locally unsaturated. Infiltration of groundwater 

into the underlying bedrock is generally limited due to the low hydraulic conductivity of the 

unweathered bedrock. 
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The IA groundwater contaminant plume extent is also controlled by interception of the plume by 

building footing drains and by the increased permeability and hydraulic conductivity through buried 

utility corridors. Full understanding of the migration of this plume depends on knowing how the 

various buildings, utility corridors, and sources interact. Unfortunately, there is insufficient 

knowledge of these factors to completely determine the configuration of this plume. 

Figure 4.2.4-2 shows the average concentrations of VOC contaminants in the groundwater wells, and 

the probable contaminant sources. Treatment of contaminated groundwater within the IA does not 

appear to be necessary to protect surface water, because of the limited potential for migration. 

However, ongoing monitoring and evaluation of the groundwater will continue, to detect any 

movement or expansion of the plume. Groundwater remedial actions may become necessary if the 

contaminant plumes expand, migrate significantly or become a threat to surface water. Actions such 

as removal of buildings, removal of subsurface structures, and placing impermeable caps over areas 

must be examined to determine whether these will increase the movement of the contaminated 

groundwater plume. Controls may be required if increased groundwater contaminant plume 

movement results from these actions. 

- 1  

4.2.7 Additional Plumes and Areas of Contaminated Groundwater 

There are several areas where there are sporadic occurrences of VOC-contaminated groundwater, or 

where there are contaminant plumes with VOC concentrations less than 100 x MCLs. Contaminant 

plumes in the Present Landfill and Solar Ponds groundwater do not contain VOC concentrations 

greater than 100 x MCLs. However, these plumes are of interest because they are associated with 

RCRA units. In addition, a widespread but diffuse VOC plume is located near the PU&D Yard west 

of the Present Landfill. The setting and status of many of these plumes and occurrences are ' 
discussed be low. 

Operation of the Present Landfill (IHSS 114) for disposal of nonradioactive solid waste began in 

1968 and will continue until the new landfill opens, or another method of waste disposal is available. 

The landfill covers an area of approximately 27 acres (Figure 1-1). The total volume of landfill 
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material is approximately 415,000 cubic yards and consists of approximately 29 1,000 cubic yards of 

waste and 124,000 cubic yards of soil cover. 

.Elevated tritium and strontium concentrations were detected in leachate draining from the landfill in 

1973. To control the migration of contaminants, interim response actions were taken. Interim 

response activities included construction of a surface-water diversion ditch around the perimeter of 

the landfill, two detention ponds immediately east of the landfill (West Landfill Pond and East 

Landfill Pond), a subsurface intercept system for diverting groundwater around the landfill and a 

subsurface leachate collection system. Between 1977 and 198 1, the leachate collection and 

groundwater intercept system were buried beneath waste during landfill expansion. The 4ateral 

expansion of waste placement resulted in waste being located beyond the extent of the subsurface 

drains to the north and south. In 1982, two soil bentonite slurry walls were constructed to prevent 

groundwater migration into the expanded landfill area. 

Leachate is a product of natural biodegradation, infiltration, precipitation, and migration of 

groundwater through waste. Approximately 5,756,000 gallons of leachate are present in landfill 

debris within the intercept system and above the unweathered claystone bedrock which is considered 

the underlying confining unit. The saturated thickness of surficial materials is greatest near the 

center of the landfill which suggests that recharge may be occurring by groundwater flow under or 
through the north groundwater intercept system. Groundwater inflow may be occurring wheI;e the 

groundwater intercept system is not keyed into bedrock. Although an area of the south slurry wall is 
also not keyed into bedrock, well data indicates that it is effective in diverting groundwater. 

During the Phase I R I M 1  investigation, 38 discrete groundwater samples were taken. In addition, 

1990-1993 monitoring well data from 52 wells were used as the basis for determination of 

preliminary contaminants of concern. Groundwater in the UHSU at OU 7 contained metals, 

radionuclides, organic constituents and nitrates at concentrations higher than background (EG&G 4 1994). A 
py+ / a The highest concentration of chlorinated hydrocarbons occurred in groundwater upgradient of the 

~ , c & l a n d f i l l .  VOC contamination upgradient is composed entirely of chlorinated hydrocarbons. In 

contrast, average BTEX concentrations were highest in leachate collected from within the landfill. 

The BTEX compounds were not detected in upgradient groundwater. Different types of VOC 
contamination are presented within the landfill and upgradient (southwest) of the landfill, suggesting 

+ e 
that a distinct source of VOC contamination is present upgradient of the landfill. < 
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Two separate groundwater plumes exist in the vicinity of the Present Landfill (Figure 3-1). The 

plume from the landfill source is located west of the landfill and’ is migrating down the No Name 

Gulch drainage. A second plume from an unknown source upgradient of the landfill is located in the 

groundwater south of the current landfill. The second plume is diverted to the south of the southern 

slurry wall. A groundwater divide is located approximately 500 feet south of the southern slurry 

wall. 

Antimony, iron, manganese, tritium, uranium-23 8, chloromethane, ethylbenzene, and vinyl chloride 

concentrations in the groundwater from the landfill plume exceed the Groundwater Tier I1 Action 

Levels. Because of the proximity to No Name Gulch, monitoring and further evaluation are 

required. 

Solar Ponds Nitrate Plume 

The Solar Evaporation Ponds (SEPs) consists of five surface water impoundments (Figure 1-1). 

From 1953 to 1986, these were used to store and evaporate radioactive process wastes and 

neutralized acidic process wastes containing high levels of nitrate and aluminum hydroxide. The 

materials placed into the SEPs included radioactively contaminated aluminum scrap metal, alcohol 

wash solutions, drums of waste radiography solutions, leachate from the Present Landfill, treated 

sanitary effluent, groundwater intercepted from the Interceptor Trench System (ITS), salt water 

solutions, wash water from the decontamination of production personnel, cyanide wastes, acid 

wastes and miscellaneous other compounds (DOE 19950. Removal of pond sludge began in June 

1985 and was completed for all SEPs by January 1995. 

The SEPs are on the eastern boundary of the pediment capped by the Rocky Flats Alluvium. 

Streams have eroded the pediment to the north and south with topographic relief of 50 to 100 feet. 

Much of the surficial deposits have been disturbed by construction of the SEPs, the ITS, nearby 

buildings and other infrastructure, however, borehole logs suggest that undisturbed Rocky Flats 

Alluvium often occurs below the disturbed ground. 

Thickness of the unconsolidated material ranges from 0 to 25 feet, and averages about 10 feet. The 

Rocky Flats Alluvium overlies over the erosional bedrock surface and consist of poorly to 
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moderately sorted gravel, sand, silt and clay with boulder to pebble size clasts derived from the 

nearby Front Range. Artificial fi l l  was used as for road grade fill, berm construction, recontouring 

around engineered structures, and to f i l l  in lows for the surface impoundments. Fill consisted of 

reworked Rocky Flats Alluvium with imported offsite materials including crushed rock, plus sandy 

clay and gravel with fragments of concrete rubble. The Arapahoe Formation unconformably 

underlies the Rocky Flats Alluvium and f i l l  materials. Claystone is the predominant subcropping 

lithology, but the No. 1 Sandstone subcrops in the vicinity of South Walnut Creek. 

< 

The shallow, unconfined groundwater occurs in unconsolidated surficial material and fractures in the 

underlying bedrock and the potentiometric surface generally mimics the surface topography. 

General flow direction is to the northeast under the SEPs. A bedrock high trending east-west under 

the SEPs diverts the northern flow to the north-northeast towards North Walnut Creek, and the 

southern flow to the east-southeast towards South Walnut Creek. Unsaturated areas are present over 

a large part of the area, in part due to the ITS. However, unsaturated areas to the south and east are 

not impacted by the ITS. The saturated thickness varies from 0 to 5 feet over most of the area, and is 

thinner along topographic highs, or on slopes where there are thin alluvium or colluvium deposits. 

Along North and South Walnut Creek, the saturated interval can be as much as 10 feet thick. 

Hydraulic conductivity for the Rocky Flats Alluvium in this area is around lo-’ cm/sec. No data 

were given for the fill material. The hydraulic conductivities for the subcropping bedrock claystone 

ranges from to 

ranges from IO-’ to 

cm/sec. The hydraulic conductivities for the subcropping bedrock sandstone 

cm/sec (DOE 1996b). < 

A large UHSU nitrate plume extends north and east from the Solar Ponds to the North Walnut Creek 

drainage above Pond A- 1. Three wells with uranium concentrations above background are also found 

in the contaminated groundwater plume. A lobe of this nitrate plume extends to the southwest for a 

short distance. While the primary nitrate source has been removed for several years, this contaminant 

plume still contains nitrates at concentrations above 100 x MCLs. However, samples taken from the 

ITS show that nitrate concentrations within the plume are decreasing. For November 1993, nitrate 

concentrations were 366 mg/l, and in June 1995, nitrate concentrations were 277 mg/l (RMRS 

1996d). The ITS was installed to intercept contaminants and capture the nitrate plume. It was 

replumbed in 1993 to increase its effectiveness. The ITS captures approximately 2.7 million gallons ’ 
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of water per year, but is not entirely effective in preventing nitrate contamination from impacting the 

North Walnut Creek drainage (DOE 1994b). 

J. 

VOCs are present in the groundwater at the western edge of the Solar Ponds Area and are most likely 

related to the carbon tetrachloride spill from IHSS 118.1 discussed earlier (Section 4.2.4.) Carbon 

tetrachloride is present at well P2 10 189 at concentrations of 4,700 ug/l, along with tetrachloroethene 

at 198 1 ug/l and trichloroethene at 2,200 ug/l. This well is completed through 4 feet of silty 

sandstone at a depth of 3 1 feet which is believed to be the Arapahoe No. 1 Sandstone. This 

subcropping sandstone could act as a conduit for the dissolved phase carbon tetrachloride plume. 

The extent of the contamination in the sandstone is unknown, and a limited investigation is proposed 

to determine the extent of contamination and whether there is a pathway to surface water. 

PU&D Yard Plume 

The PU&D Yard has been used since 1974 to store drums, cargo boxes and dumpsters. The PU&D 

Yard is located northwest of the industrial area in an area approximately 225 feet by 830 feet (Figure 

1- 1). Materials known to have been stored there include spent batteries, metal shavings coated with 

lathe coolant, arid drums of spent solvents such as paint thinners and waste oils. Drummed 

hazardous material was also transferred in this area. Subsurface contamination may exist from 

historical spills associated with past hazardous material transfer operations and storage at the site. 

Releases of battery acids and leaks from dumpsters and drums of spent solvents and waste oils have 

been reported. 

is underlain by the vium which is approximately 25-30 feet 

Formation claystone. Groundwater in alluvium is 

this area flows to the east through the UHSU materials, mimicking the surface topography. 

Recent soil gas investigations have verified the presence of volatile organic compounds immediately 

outside the eastern boundary of the PU& 

also been detected in surface soils (DOE 

. Organics,,metals, and radionuclides have 

there are no subsurface samples of the 

soil and groundwater from this area. 
J. 
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An area of poorly defined, contaminated groundwater, with VOC concentrations slightly above the 

MCLs, is located downgradient of the PU&D Yard, and upgradient and to the south of the Present 

Landfill. Further investigation is required to identify the source or determine whether there is 

potential for impact to surface water quality. 

Other 881 Hillside Groundwater Contamination 

There are several one-time detects of VOCs in groundwater along the 881 Hillside (Figure 1-1) .  

These do not seem to be related to a source, and may be more related to the problems of detecting 

very low levels of VOCs. In addition, there are two areas where contaminated groundwater has been 

identified, but where no action is required. Immediately adjacent to Building 88 1 , there are sporadic 

detects of low concentrations of chlorinated solvents in groundwater. This suggests that several 

small point sources may exist in this area that are related to building operations. 

The UHSU monitoring wells within the IHSS 119.2 drum storage area are dry or do not detect 

VOCs. However, there are infrequent detects of VOCs in groundwater sampled from two wells 

located within the drainage downgradient from IHSS 119.2. The source of these sporadic VOC 

detections may be the volatile plume derived from the 903 Pad. . 

In addition to the VOC contamination, the 88 1 Hillside groundwater contains selenium and 

vanadium at above background levels. Neither of these elements is a documented RFETS waste, nor 

requires remedial action to protect surface water. 
h 

Old Land fi I I G rouM water Contamination 

d 
The Old Landfill was in operation from 1952 to 1968 and was used to dispose of approximately 2 

million cubic feet of miscellaneous RFETS waste (Figure 1-1). Accurate and verifiable records of 

the material placed into this landfill are not available, but all of the waste material was considered 

non-hazardous at the time. However, paint, solvents, paint thinners, oil, pesticides, and cleaning 

agents were placed in the landfill as these were not considered hazardous in 1968. The landfill also 

received some beryllium, depleted uranium, and used graphite. The Old Landfill does not have a 
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liner, but the underlying unweathered claystone has a permeability of lo-’ to lo-’ cm/sec. The 

landfill was closed with a soil cover sometime after 1968 and prior to 1980 (DOE 1996~).  

Groundwater occurs in the surficial deposits, primarily in the landfill material and alluvium. Many 

groundwater samples were collected during the OU5 RFIRI investigation from wells, hydropunch 

samples from boreholes, and one-time samples from well points. The groundwater COCs identified 

for the Old Landfill are barium, manganese and radium, however, these do not correlate well%ith 

the waste known to be disposed at this site. Two small areas of VOC contaminated groundwater in 

are present in the’Old Landfill area. One area is associated with a subsurface soil gas anomaly, the 

other is upgradient of the DM.Landfil1, probably related to the IA (Section 4.2.6). 
\ ’,\ 

The OU5 RFIM soil gas investigation (DOE 1996c) located two, small, subsurface soil gas 

anomalies at the’Old Landfill. One area is approximately 50 feet by 50 feet and associated soil gas 

samples contain trichloroethene and l,l,l-trichloroethene, and the other is about 64 feet by 64 feet 

and associated soil gas samples contain tetrachloroethene and trichloroethene. Trichloroethene 

(maximum concentration of 19 ug/l) is sporadically detected in groundwater at one well associated 

with the larger anomaly. There are no VOCs in groundwater associated with the other anomaly. < 

< 

One well upgradient of the Old Landfill (P416789) has had three historical detects of TCE. This 

well is probably detecting contaminated groundwater from the Industrial Area Plume. Seep samples 

from a location immediately downgradient of this well also contained trace amounts of VOCs. 
< 

Walnut Creek Drainage Groundwater Contamination 

Several wells in the area of the OU 6 trenches (IHSSs 166.1, 166.2 and 166.3) have detected low- 

level VOC and metal groundwater contamination. Neither the subsurface soil samples taken from 

the OU 6 trench area nor the wells within the nearby Present Landfill contain the same contaminants 

found in the OU 6 wells which are located outside of the Present Landfill slurry wall. However, 

wells upgradient of the Present Landfill and outside of the slurry wall exhibit similar contaminants 

and concentrations (see PU&D Yard plume above) (DOE 1996d and EG&G 1994). 
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There several theories for the occurrence of these low levels of VOCs and metals (DOE 1996d): 

e The trenches (IHSSs 166.1 to 166.3) may be the source of contamination and the field 

investigation did not detect these source@ 

The Present Landfill is the source, and the southern intercept wall is inadequate, 

1 

Wastes may have been emplaced beyond the southern slurry w 

Contamination is from a source upgradient of the Present e 

VOC contaminated groundwater is found upgradient of the Present Landfill (average total VOC 

concentration of 7 1 ug/l), as well as south of the slurry wall (3 1 to 68 ug/l average total chlorinated 

hydrocarbons). In addition, well data indicates the south slurry wall is effective (EG&G 1994). 

Therefore, it is most likely that the contamination has migrated from a source upgradient of the 

Present Landfill. 

4.3 CLEANUP ALTERNATIVES 

1 

The goal of this Groundwater Conceptual Plan is to manage and/or cleanup groundwater in order to 

be protective of surface water quality. The proposed cleanup of contaminated groundwater involves 

source removal or source containment, with treatment or management of the contaminated 

groundwater plumes, to achieve this goal. Conceptual remedies for each major contaminant plume 

were developed by assessing the available technologies, and proposing a cost-effective, readily 

available technology. 

Both active and passive remedial actions were initially considered. Active treatment actions such as 

pump-and-treat methods are well-known and accepted, but typically have high operation and 

maintenance costs, can have a negative impact on wetlands, may consume groundwater, have limited 

application in clayey aquifers, and are relatively inefficient for DNAPL source removal. Passive 

treatment actions include passive collection of groundwater with ex situ or in situ treatment. These 

systems may have higher initial capital costs, but have lower operation and maintenance costs, low 

energy consumption, no water consumption, and reduced equipment requirements. Passive treatment 

will collect contaminated groundwater, but also will not remove the source. 

September 1996 
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The pump-and-treat methodology is commonly used and accepted. EPA has identified the pump- 

and-treat methodology as one of the most frequently used methods for groundwater remediation, but 

recognizes that pump-and-treat methods may require decades of potentially expensive operations to 

achieve cleanup levels (EPA 1992). A preliminary analysis was performed on tlie potential 

effectiveness of pump-and-treat methods at RFETS. The analysis concluded that pump-and-treat 

methods would not be an effective treatment for most contaminant plumes at RFETS, based on the 

following:. 

. Neither the UHSU nor the LHSU are capable of producing significant quantities of water, 

because both have a relatively large clay content. 

. 

< 

0 Aquifer tests conducted at WETS show that, for the most part, aquifer yields are low, 

ranging from 0.000006 gpm to 12 gpm, with an average of 0.3 gpm (EG&G 1995b). 

0 Factors limiting water production within the UHSU include relatively,thin saturated 

thicknesses and the presence of broad areas that become unsaturated during the fall and early 

winter (EG&G 1995b). 

0 Surficial deposits at RFETS have hydraulic conductivities in the 1 0-3 to 1 O4 cm/sec range, 

whereas weathered and unweathered claystone bedrock have hydraulic conductivities in the 

lo-’ cm/sec range. The valley-fill alluvium is the most permeable unit, but no contaminant 

sources are known to be present in this unit. 

0 Due to the relatively low permeability of the geologic units at RFETS, cones of deprdssion 

induced by groundwater removal would typically have very steep gradients, requiring a large 

number of closely spaced wells to effectively implement pump-and-treat remediation. 

. . -  
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0 Upgradient extraction of groundwater may adversely impact the present widespread 

distribution of seeps and springs (EG&G 1995b). 
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to remoe.;) 
W 

Pump-and-treat remediation leaves residual DNAPLs, which will continue to act as a 

source, further releasing dissolved contaminants to the groundwater system. L 
It may be possible to implement pump-and-treat methods for groundwater near the East Trenches, 

where the No. 1 Sandstone is contaminated. However, a large number of closel@aced wells would 

be required to effectively pump-and-treat groundwater due to the low conductivities and the resulting 

steep cones of depression. DNAPL contamination could easily remain after treatment. For these 

reasons, and the associated higher costs for this methodology, the pump-and-treat option was not 

considered as the proposed remediation treatment in this area. 

em near the distal ends of plumes will effectively 

but a contaminated plume would be left upgadient 

to naturally attenuate (DOE 1995h). The contaminants in the plume will degrade with time, and 

upgradient water will flush the source material toward the collection system. 
- 

All proposed actions discussed below were selected to be effective, inexpensive to install and 

operate, and require minimal plant infrastructure support. For these and the preceding reasons, 

passive treatment actions are the preferred proposed remediation. 

Passive systems proposed for treatment of contaminant plumes in WETS groundwater include: 

. In situ passive collection and treatment system such as a funnel and gate, where 

contaminated groundwater is funneled into a reactive barrier by selective placement of 

relatively impeimeable barriers. Treated water is released back into the groundwater 

I 
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downgradient of the barrier. Such treatment systems have been used effectively at other 

sites. 

. Collection of contaminated water from springs, seeps, and/or shallow drains, then pumping 

the collected water to an existing treatment facility (Building 89 1.Combined Water 

Treatment Facility), and discharging the treated water to the surface water system. 

0 Passive collection of contaminated water from springs, seeps, and/or shallow drains, then 

using gravity to feed the collected water through a nearby, ex situ treatment system, which 

uses granulated activated carbon, reactive iron, or other simple treatment options such as air 

strippers. 

The passive treatments proposed in this plan could use any of these methods and are conceptual in 

nature. No engineering feasibility analyses were performed and the proposed remedial actioris were 

not evaluated with regard to changing site conditions over time. Before implementation of any 

remedy, an evaluation will be done to determine the most appropriate, effective, implementable, and 

cost-effective remedy for each plume of contaminated groundwater. The result of these evaluations 

will be presented as part of ASADor in a planning dr implementation document such as an Interim 

Measurefinterim Remedial Action (IM/IRA), along with the data used to make the decision. It is 

possible that, as a result of these evaluations, different remedial actions will be selected for the 

different contaminant plumes in WETS groundwater. 

* \ O W l ~  

Assumptions 

The proposed conceptual remedial actions for treatment of contaminated groundwater were 

developed using the following assumptions1 a 
0 WETS groundwater will not be used for domestic or other consumptive purposes, and there 

are no pathways for contaminated groundwater to directly impact human receptors.' 
1 

. Groundwater will be managed or remediated to protect surface water and to minimize 

potential ecological impact 

I 

~ :35v September I996 4-36 
. .  I .. 



RF/ER-9.5-0121. LN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site 

. Source removals or containment of subsurface soil sources will be designed to prevent 

further migration of groundwater containing contaminant concentrations greater than 100 x 

MCLs. 

. Remediation and plume management will preserve wetlands where possib1,L. 

. Proposed actions will be implemented using cost-effective methodologies. 

0 Based on preliminary analysis, passive groundwater treatment or containment would'appear 

to be the preferred remedial alternative for most contaminant plumes i n  RFETS groundwater. 

0 Performance monitoring will be conducted for all remediation systems to verify 

effectiveness. 3. ' 

0 The remediation and management decisions described herein are based on the existing data 

set for contaminant plumes, as well as on known technologies that are believed to be 

applicable to treatment of WETS groundwater. 

0 For this plan, the proposed actions are assumed to be passive treatment or containment 

devices. Passive treatment systems will be sited downgradient from the sources and 

coincident with the Tier I boundary within the plume, or where otherwise practicable and 

feasible. The actual remedial actions and location of.these actions will be decided on a case- 

by-case basis and detailed in an I M R A  or Proposed Action Memorandum (PAM) before 

implementation. 

t 

. An abbreviated alternatives analysis for any proposed action will be presented as part of 

ASAP or as an IM/IRA decision document. 

0 As per EWCA, contaminant plumes in WETS groundwater which are stable and do not 

. impact surface water above action levels will not require cleanup. 

0 All remedial actions will be consistent with the proposed 
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4.4 POTENTIAL CLEANUP ACTIONS 

Using available information, the following potential actions were conceptually developed for<each 

major VOC contaminant plume in groundwater. As contaminated seeps are the most distal ends of 

these contaminated groundwater plumes, these will be managed through cleanup of groundwater 

sources, natural attenua ion andor interception at or upgradient of seep locations in accordance with 
old& 

th@ior@e@ework and the E king. Further analysis of alternatives for feasibility, cost 

before initiating any action. Figure 4-1 shows the effectiveness, and suitability must be 

conceptual location of the groundwater actions. 

4.4.1 Potential Action for the 881 Hillside Drum Storage Area Plume 

The final remedy ,reposed for OU 1 is to excavate those soils containing VOC concentrations 

greater than the Tier +ll action levels. The volume of the source area requiring excavation is estimated 

at between 900 and 1,900 cubic yards of colluvium and weathered bedrock. Excavating the source 

will also remove much of the contaminated groundwater above Tier I action levels - (Sampling and 4'A* 
A n a l a s  Report, 1996), After demonstrating that this proposed remedy has been effective, and that few 
-/ 

the source and much of the resulting contaminated groundwater have been removed, the French 

Drain and recovery well are expected to be removed from operation. 

This remedial action will be protective of surface water quality, and should reduce or'eliminate any 

potential long-term stress to environmental receptors of contaminants that may reach Woman Creek. 

4.4.2 Potential Action for the Mound Site Plume 

Cleanup of the Mound Site contaminated groundwater plume will consist of excavating the 

subsurface soil exceeding Tie t I action levels for soil cleanup criteria for VOCs. Contaminated 

materials in Trench T- 1 will also be removed using the same criteria. The remedial action proposed 

for the groundwater with concentrations of VOCs in excess of Tier I action levels is to perform near- 

surface collection of the plume front before it reaches South Walnut Creek. Interception of the 

contaminant plume will be accomplished by making improvements to the existing seep collection 
L 

* 
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system at SW059. The contaminated water is expected to be treated by a passive system installed 

along the south bank of South Walnut Creek. 

Containment and treatment of the contaminant plume in Mound Site groundwater will result in a 

reduction of risk to the environment posed by uncontrolled releases of contaminated groundwater to 

surface water. 

4.4.3 Potential Action for the 903 Pad and Ryan’s Pit Plume 

The proposed action is to remove contaminant sources exceeding the Tier I soil action levels for 

VOCs in soil from the 903 Pad area. Removal of the subsurface soils in the Ryan’s Pit area has 

already been completed. The remedial action proposed for the groundwater with concentrations of 

VOCs in excess of Tier I action levels is to perform near-surface collection of the plume front before 

it reaches Woman Creek. The contaminated water is expected to be treated by 

system. 

4.4.4 Potential Action for the Carbon Tetrachloride Spill Plume 

There are three potential actions identified for this groundwater contaminant plume: (1) source 
. I  

removal by using shallow recovery wells t&em v-b ve as much of the free-phase carbon tetrachloride as 

possible, (2) removal of the contaminated soils, adjacent tanks, and associated piping, and/or (3) in 

situ treatment such as steam stripping. At this time, the building infrastructure in the area is 

containing this plume. Monitoring must continue to ensure that contaminated groundwater does not 

impact surface water. After removal of the infrastructure, near surface capture of this plume may be 

required to minimize impacts to surface water. If required, the captured water will be treated at a 

nearby passive treatment plant. This area may be capped as part of the 

groundwater must be determined to see if additional controls are 

The impact on 

4.4.5 Potential Action for the East Trenches Plume 

Source remediation for Trenches T-3 and T-4 was completed in 1996 to remove subsurface soils that 

exceed the applicable WETS soil cleanup criteria for VOCs. This action removed the contaminant 

September 1996 3i-d- ’ 

4-39 
. . - . 



RF/ER-95-0121. UN 
Draft Revised Groundwater Conceptual Plan for  the 

Rocky Flats Environmental Technology Site 

source of this contaminated groundwater plume. The remedial action proposed for the remaining 

contaminated groundwater plume is to install a near-surface plume capture system near the distal end 

of the plume, and to use passive technologies to treat the contaminated groundwater. 

4.4.6 Potential Action for the IA Plume 

This groundwater contaminant plume may not require action because source removal an 

activities should remove contaminant sources, the source of water in the plume will be r 

time as capping andor regrading and revegetation reduces infiltration, and water loss from the 

RFETS utilities will be eliminated. Monitoring must continue to ensure that contaminated 

groundwater does not migrate, or create a threat to surface water. An upgradient groundwater 

barrier is not recommended as preliminary calculations indicate that only 15 percent of the present 

recharge (precipitation plus groundwater influx) to the IA could be diverted by an upgradient barrier, 

, 

h 

preventing approximately 4 gallons per minute of groundwater flux from entering the IA. 

4.4.7 Potential Actions for Additional Plumes 

Present Landfill Plume 

An interim remedial action has been installed at this location to collect the contaminated 

groundwater and leachate flowing from the landfill for treatment. This gravity-driven system 

consists of cement vaults for collecting the contaminated water. Treatment includes a settling basin, 

bag filters to remove suspended solids, and granular activated carbon to remove organic chemical 

constituents. Contaminated water is treated to comply with established cleanup levels. This 

treatment should effectively mitigate the potential ecological risk from the contaminants of concern. 

2 

The treatment system may change or be eliminated once the Present is installed, because 

groundwater migration may no longer be a concern. 

Solar Ponds Nitrate Plume \ 

Proposed remedial actions for the groundwater nitrate plume, if required, will be developed at a later 

date, based on final cleanup standards and site-specific hydrogeologic conditions. No source 

September 1996 ' 
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removal is planned for nitrate-containing media. However, a caphover is being considered, which 

would reduce the groundwater recharge and the flow through the nitrate-contam inated soils. 
< 

Recommendations from the Working Group, if approved by th&ater Qualit 

&QCC), will change the stream classification for nitrates from drinking 

There is some possibility that this surface water will be used for irrigation. Measures are being 

implemented which will restrict use of this water for domestic use. If the drinking water 

classification is lifted, then the nitrate concentrations seen in the surface water as a result of the 

nitrate plume are acceptable for all of the remaining uses, and could be of benefit for irrigation. 

PU&D Yard Plume 

A limited field investigation will be completed in 1997 to determine'the impact to surface water 

This may be followed by a source removal the same year. The limited field investigation will 

detehine whether groundwater remedial action(s) are required to protect surface water. 

2 

Other 881 Hillside Groundwater Contamination 

No action is required to mitigate this plume as it is not impacting, or expected to impact surface 

water. Any point sources around the building are expected to be dealt with during building 

demolition. 

II Groundwater Contamination 

The VOC contaminated groundwater associated with t andfill is limited in extent, closely 

related to a small source area, and is not a threat to surface water quality. Therefore, this 

contaminated groundwater does not require any action. 
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Walnut Creek Drainage Groundwater Contamination 

It is most likely that the contamination in this area has migrated from a source upgradient of the 

Present Landfill, potentially the PU&D Yard (see above). Contaminated groundwater in this area 

will be addressed as part of the remedy for the upgradient plume. 

4.5 PLUME RANKING 

Sources or contaminant plume above action levels that are determined to be candidates for remedial 

actions have been prioritized to determine the sequence in which remediation will occur. To 

accomplish this task, a methodology was developed by CDPHE, EPA, K-H, and RMRS staff!o rank 

the known environmental risks at WETS and is outlined in the 

Ranking” 

The p i n g  is currently being updated to incorporate the new action levels. Sites are ranked 

using t e following criteria: 1)  concentrations of contaminants present in soil, subsurface soil, and 

groundwater; 2) impact to surface water; and 3)  the potential for further release which quantifies the 

possibility that source material will continue to release contaminants into the environment. The 

resulting prioritized list is used to determine the general order in which to implement remedial . 
actions. 

This methodology incorporates a very conservative approach. As a result, IHSSs, area 

groundwater plumes where formal risk assessments have determined that there is no un i7 cceptable 

risk may rank higher than expected on the prioritized list. 

nd 

1 

The Working Group recommended that the groundwater plumes be prioritized separately from the 

contaminant sources to allow the groundwater actions to be initiated separately from the source 

removal actions. The methodology for ranking the groundwater plumes follow f&J 
(yd3& 

$ Action Levelh?rarnework Score: Analytical data for VOCs in groundwater since 1990 

were compared to the proposed Tier I1 action levels, and a ratio of the analytical result to 

Tier 11 action level value was calculated. The maximum ratio for’each analyte within the 
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contaminant plume was tabulated, and a total score for each groundwater plume was 

calculated by summing the maximum ratios. The resulting summed values were then 

converted to a Score Ratio using Table 4-1. 

Impact to Surface Water: A rating of 1 to 3 was assigned to each plume based on the 

evaluation of whether or not the groundwater contaminant plume was impacting surface 

water at Tier I action levels (a rating of 3), had the potential or was impacting surface water 

at Tier I1 levels (a rating of 2), or did not pose a threat to surface water at this time (a rating 

< 

of 1). 

Potential for Further Release: A rating of 1 to 3 is assigned based on an evaluation of 

whether or not there is a potential for contaminants to continue to migrate into groundwater 

(i.e., is an uncontained source present?). If there is probably free product present, a rating of 

3 is assigned, if high concentrations of contaminant are present in soil, a rating of 2 is 

assigned and if there is probably no uncontained source present, a rating of 1 is assigned. 

Because the groundwater plumes are ranked separately from the contaminant sources, and 

the contaminants are already in the groundwater, the potential for further release for all 

plumes is rated as a 1. 

Table 4-1 Converstion Table for Scores 

Summed Groundwater Ratios 
> 20,000 

10,001 - 20,000 
5,001 - 10,000 
1,001 - 5,000 
501 - 1,000 
251 - 500 
126 - 250 
76-  125 
26 - 75 
1 - 2 5  

Score Ratio 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

The ER Ranking was recalculated i n  September 1996 using the ne @tio@els an@dardg% 

including the groundwater contaminant plumes. Table 4-2 provides the rankings of the groundwater 

contaminant plumes above Tier I action levels as they appear within the overall ER Ranking. 

September 1996 
3 b.Q 

-- .. . . - .. . - .  . . -  . .  
4-43 . .  



RIVER-9.5-0121. UN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site 

Plume 1 Ranking 
Mound Site ‘ 6  
903 Pad and Ryan’s Pit 10 
East Trenches 11 
PU&D Yard 15 
881 Hillside Drum Storage Area I 17 
Carbon Tetrachloride Spill 
I A  j 20 
Solar Ponds j 22 
Present Landfill 1 26 

I l 8  
I 

1 

Comments 

Ryan’s Pit source removed 
Trenches T-3 and T-4 sources removed 

Ranking due to nitrate concentrations 
Groundwater presently col lectedtreated 

Table 4-2 Ranking of the Groundwater Contaminant Plumes above Tier I Action Levels 

1 

3b7 September 1996 
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~ 5.0 NEXT STEPS 

Additional data must be collected and/or analyzed before implementing actions. Not all groundwater 

contaminant plumes and sources are characterized sufficiently to implement an action, and 

appropriate methodologies for collection and treatment must be identified. The ecological impacts 

of groundwater collection and treatment must be determined, as collection of the distal plume 

1 boundaries may irreparably damage wetlands and seeps. 

y, a planning or implementation document such as an htaim- 

M/I ) or PAM must be prepared, and an engineering design e 
must be completed. 

Based on the currently available information, following are the steps already completed towards 

groundwater remediation, and the proposed next steps. All of these activities have been proposed for 

funding within the next 5 years. 

0 Soils in OU 1 881 Hillside Drum Storage Area (IHSS 119.1) that contain contaminant 

concentrations bove action levels may be excavated, removing material above the Tier I 

Action Level./because the source of groundwater contamination would be removed, the use 

of the French Drain system and recovery well may no longer be necessary. After monitoring 

demonstrates the effectiveness of the remedy, these will be removed from service. 

+ t 

The seep near Woman Creek will be evaluated to determine whether it is related to the 881 

Hillside Drum Storage Area, and if there is an impact to surface water above action levels. 

e The source of the Moun is anticipated to be remediated as an accelerated action. 

Pre-remedial investigations were completed in 1996 to delineate the extent of the 

contaminant source for this plume. Further pre-remedial investigations to determine the 

extent of the distal end of the groundwater contaminant plume, and effective, passive 

treatment methodologies are expected to continue in the near future. Gravity-flow passive 

treatment systems will be the preferred option. 

2 

5-  1 

.. ... . 



W/ER-95-0121. (IN 
Draft Revised Groundwater Conceptual Plan for the 

Rocky Flats Environmental Technology Site 

September 1996 5-3 
-. . - . ._ . . . . . . .- - 

4 

investigations suggest that the contaminant source(s) may be located immediately east of the 

known PU&@ boundary. Source removal is expected to follow in 1997 if a 

contaminant source can be defined. 

Soil vegetative caps, covers or regrading and revegatation may be used throughout WETS 

where necessary to limit natural recharge caused by precipitation from leaching of 

contaminants in the unsaturated zone and into groundwater. This would aid in reducing the 

movement of groundwater through the IA, and thereby reduce the mobility of the 

contaminant plumes. Subsurface sources of groundwater contamination would be removed 

where practical. At the end of the D&D/remediation phase, the plant water supply and 

sanitary sewer will be shut off. This will eliminate a major source of groundwater recharge 

for the IA, and should greatly reduce the mobility contaminant of the IA and carbon 

tetrachloride-spill plumes. 

A limited investigation is proposed for the Solar Ponds area to determine the extent of VOC 

contamination and whether there is a pathway to surface water. Carbon tetrachloride and 

trichloroethene are present at a well located near the western side of the SEPs. However, the 

extent of the contamination in the sandstone, and whether the sandstone subcrops in the 

North Walnut drainage are unknown. 

Further analysis is required to determine optional intercept locations, actual treatment 

methodologies, and cost-effective project planning and scheduling. 
1 

$fy)I$.ifi*Jw 
The ER Ranking scheduled to be completed in 199Band the proposed ranking of groundwater 

plumes presented in Section 4.5 provide the basis for establishing the priority and sequence of 

proposed cleanup actions. However, a schedule for implementing groundwater cleanup will be 

dependent on funding, data sufficiency, resource availability, and the integration with other cleanup 

and WETS activities. 
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0 The sources of the 903 Pad- ar e scheduled to be removed. The Ryan’s 

Pit source has already been characterized and remediated. Pre-remedial investigations are 

proposed to determine the extent of the source. ‘The distal ends of the groundwater 

contaminant plumes require better definition in order to appropriately site collection and 

treatment systems. Gravity-flow passive treatment systems will be the preferred option. 

0 A pre-remedial investigation is proposed for the carbon tetrachloride spill plume (IHSS 

118.1) to better define the source, and to evaluate remedial actions. After the source is better 

defined, source removal is recommended. A limited pum@n@eat system may be installed 

due to the large amount of free product present in a limited area. If required,’ after removal 

ofthe surrounding buildings and associated footing drain systems, a passive collection and 

treatment system may be installed to.contain the dissolved phase of this plume. This system 

.would be located along the post-building removal, downgradient flow path near the iinpacted 

drainage. 

Y 

0 The sources for the East Trenches plume have been removed. Accelerated actions were 

completed in 1996 to excavate Trenches T-3 and T-4, and materials above the Tier I action 

levels were removed. The distal end of this groundwater contaminant plume requires better 

definition in order to appropriately site collection and treatment systems. Gravity-flow 

passive treatment systems will be the preferred options. 

0 The IA plume will continue to be monitored to ensure that there is no increase in migration, 

and that there is no impact to surface water quality. 

0 Groundwater treatment systems need to be investigated to determine the optimum treatment 

methodology. 

. The unknown extent of the chlorinated solvent plumes associated with the PU& y d 

(IH,SS 170, 174a, and 174b) is a data gap. Because the nature of the southern boun Q ary of 

these plumes is undetermined, the potential impact to surface water cannot be evaluated. A 

limited characterization investigation is proposed for 1997 to determine the extent of the 

plume, and to determine the location, nature and size of the source material. Previous 

5-2 
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EXECUTIVE SUMMARY 

This white paper was prepaied as part of a comprehensive environmental initiative, known as the 

Accelerated Site Action Project, that seeks to establish long-term goals and approaches for the 

remediation of the Rocky Flats Environmental Technology Site. The purpose of this white paper 

is to describe and analyze the potential for shallow groundwater contaminants, particularly 

volatile organic compounds, to migrate vertically downward through a thick, laterally extensive 

confining layer and eGer a deep regional artesian aquifer system known as the Laramie-Fox Hills 

Sandstone aquifer. The Laramie-Fox Hills Sandstone aquifer provides an important source of 

water for local and regional use and is the sole water supply for some residents in the Rocky 

Flats area. 

Concerns related to contaminant migration and the long-term hydrologic integrity of this 

confining layer have recently been raised regarding the presence of dense non-aqueous phase 

liquids (DNAPLs) in the groundwater at some waste disposal sites and the occurrence of 

secondary permeability (Le., fractures and faults) in bedrock materials. The combination of these 

factors at other hazardous waste sites have led to persistent groundwater contamination problems 

that have proven to be difficult to remediate and, thus, represent a long-term contaminant 

migration threat. In order to evaluate the potential significance of vertical groundwater 

contaminant transport at Rocky Flats Environmental Technology Site, two individual hazardous 

substance sites (IHSSs 110 and, 118.1) with evidence of chlorinated solvent releases were 

selected for analysis and discussion. The primary DNAPL and dissolved contaminants-of- 

concern identified at these sites are trichloroethene, tetrachloroethene, and carbon tetrachloride. 

Information fiom numerous site reports, unpublished site data, and recently published articles 

provide the basis for the analyses presented in this white paper. 

The Rocky Flats Environmental Technology Site is underlain by a mantle of permeable 

Quaternary surficial geologic deposits deposited on a 600+ foot thick sequence of low 

permeability Cretaceous' claystone and siltstone bedrock known as the upper Laramie Formation. 

The upper Laramie Formation functions as a confining layer for the underlying Laramie-Fox 

White Paper 1 RF/ER-96-0040, UN 
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Hills Sandstone aquifer which subcrops west of the Industrial Area and plunges eastward beneath 

the plant. Vertical hydraulic conductivities for the confining layer materials are estimated to 

range from about 2.8 x lo-'' to 2.5 x lo-' centimeters/second, or roughly three to seven orders of 

magnitude lower than for the overlying surficial deposits. Due to this contrast in hydraulic 

conductivity, groundwater is expected to move predominently laterally in the surficial deposits 

and vertically in the confining layer. Downward vertical hydraulic gradients observed in the 

confining layer indicate that shallow groundwater has the potential to recharge the Laramie-Fox 

Hills aquifer. 
- 

Faulting in the upper Laramie Formation has been documented regionally and recently has been 

documented at the Industrial Area. The influence of these fault zones on vertical groundwater 

flow is unknown; however, an observed trend of decreasing claystone permeabilities with depth 

is expected to result in a restrictive, rather than an enhanced, vertical groundwater flow regime. 

Fractures observed in bedrock core samples tend to be discontinuous, sub-horizontal to sub- 

vertical, and closed with depth. Trace concentrations of trichloroethene, tetrachloroethene, 

carbon tetrachloride, and chloroform found in some unweathered bedrock wells indicate that 

limited contaminant migration has occurred in the shallowest part of the confining layer beneath 

shallow groundwater plumes with high concentrations, although most detections are apparently 

related to laboratory or well cross contamination. Plutonium-239/240 was detected above 

background in three unweathered bedrock wells, but the available evidence indicates that these 

occurrences are attributable to cross contamination probably as a result of drilling through 

radionuclide contaminated soils. 

Estimates of the vertical groundwater flow velocity through the confining layer indicate that 

groundwater movement is expected to be very slow. The calculated range of groundwater 

velocities, based on a potential range of vertical hydraulic conductivities, is 0.00054 to 0.468 

feetlyear, which translates to travel times to the Laramie-Fox Hills aquifer of 1,300 to 1.1 million 

years. Consideration of the hydrologic setting and declining hydraulic conductivity trend with 

depth suggests that the actual groundwater flow velocity will be near the low end of the range. 

RF/ER-96-0040. UN 
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Analysis of the behavior of dense nonaqueous phase liquids indicates that a potential exists for 

entry of DNAPL into fractured bedrock. However, the threat of DNAPL migration to the 

Laramie-Fox Hills aquifer is rapidly mitigated by diffusive disappearance of DNAPL fiom 

fractures into the claystone matrix, which has a large contaminant mass storage capacity. 

Dissolved and sorbed volatile organic contaminants derived from DNAPLs therefore represent 

the principal concern for vertical contaminant migration to the deep aquifer. 

- 
Organic contaminants are expected to move much slower than the groundwater flow velocity in 

the confining layer due to the effects of sorption by high organic carbon and clay contents, 

dispersion and molecular diffusion, and possibly in situ abiotic transformation reactions. The 

most rapidly transported contaminant, trichloroethene, is predicted to travel for 17,000 to 15 

million years before reaching the Laramie-Fox Hills aquifer, with the most likely case being on 

the order of a hundred thousand years or more. Assuming that natural contaminant degradation 

is a viable process, some contaminants with short environmental half lives, such as carbon 

tetrachloride, may hlly degrade before reachng the aquifer. The results of simple one- and two- 

dimensional analytical modeling of contaminant transport indicate that dispersion will reduce 

contaminant concentrations at the confining layerlaquifer interface by 6 to 99 percent, depending 

on magnitude of the vertical flux. Under worst case conditions, the resulting contaminant 

concentrations derived from mass flu calculations in the Laramie-Fox Hills aquifer exceed 

regulatory limits; however, these calculations are exceedingly conservative and ignore some 

important basic factors. Using a more realistic set of assumptions, it is expected that, if 

contaminants should ever reach the aquifer, the concentrations will be below regulatory limits. 

It is concluded from this review and analysis that the upper Laramie Formation confining beds 

have a sufficient amount of hydrologic and geochemical integrity to provide long-term protection 

of the Laramie-Fox Hills aquifer.. Monitoring of vertical contaminant migration at potential 

bedrock source areas, rather than remediation, appears to be the most prudent and cost effective 

option for protection of the LaramieiFox Hills aquifer given the apparent robust geochemical 

nature of unweathered bedrock materials underlying the site. 
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Draft Groundwater Strategy Contaminated Areas above PPRG 

1.0 881 Hillside IHSS 

Groundwater Sources 

In the immediate vicinity of the 881 Hillside, two areas of elevated VOA concentrations relative to the 
PPRGs were found in groundwater. The contaminants were found in alluvial wells and shallow bedrock 
wells in the first area which lies immediately south of IHSS 119.1. The 881 Hillside Collection Well 
CWOOl near well 4387, is currently extracting groundwater from this area and conveying it to Building 
891 for treatment. Contaminants of Concern (COC) in this plume include carbon tetrachloride (CC14), 
trichloroethene (TCE), 1,l dichloroethene, 1,2 dichloroethane, and tetrachloroethene (PCE). A smaller 
plume near well 0187, contains 1,l DCE at 1.4 times the PPRG. A single capture well is proposed for 
this plume with a 204 foot interceptor trench as an alternative. 

2.0 903 Pad, East Trenches, Mound and Associated IHSS 

Groundwater Source 

A large plume (approx. 70 acres) and four small plumes (approx. 0.5 acres each) occur in this area. 
Contamination occurs in the Rocky Flats Alluvium and shallow bedrock. Contaminants include Carbon 
tetrachloride, Trichloroethene, tetrachloroethene, chloroform, methylene chloride, 1,l dichloroethene, 
and vinyl chloride. Concentrations range from generally 1.5 to several times the PPRG. Approximately 
50 wells including five bedrock wells would be required to contain and treat these plumes. An aggregate 
maximum well production rate of 37.5 gpm could be expected in the wet season. Alternatively, 4012 
feet of interceptor trench could be constructed, or a combination of wells and trenches. 

3.0 Industrial Area IHSS 

Groundwater Source 

Six chlorinated solvent plumes occur in the Rocky Flats Alluvium within the Industrial Area. 
Contaminants include carbon tetrachloride, tetrachloroethene, vinyl chloride, and 1,l dichloroethene. 
Concentrations range from 1.1 to nearly 30 times the PPRG. Fifteen wells or 1593 feet of interceptor 
trenches would be required for containment. 

4.0 Solar Ponds Interceptor Trench 

Groundwater Source 

A groundwater plume containing nitrate at approximately 1.4 times the PPRG exists about the well 
P208989. The contamination is primarily contained in groundwater within the Rocky Flats Alluvium, 
weathered bedrock, and the Number 1 Sand. Presently, this plume is partially captured by the 
Interceptor Trench System. The ITS is not fully effective, but the area above PPRG has yet to extend 
downgradient beyond the ITS. Two collection wells or a new 565 foot interceptor trench could provide 
effective capture of this source. The combined production rate from the wells would be on the order of 
1.5 gpm. Based on modeling results, the capture radius of the wells would be approximately 75 to 100 
feet. 
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5.0 Old Landfill and Associated IHSS 

Groundwater Source 

Two monitoring wells south of the old landfill show elevated beryllium concentrations relative to PPRG. 
Well 59593 is located on the southern edge of IHSS 115 and well 58793 is located on the southeast 
comer of IHSS 133.3. These areas are located within the outcrop area of the Rocky Flats Alluvium. 
The data from wells 59593 and 58793 show unfiltered total Be values of 20.30 and 29.40 UG/L in June 
1993 samples. These values exceed PPRG by ratios of approximately 1.1 and 1.6. No VOC, water 
quality, or Rad exceedences of PPRG have occurred in groundwater samples obtained from these wells. 

6.0 A and B Series Ponds and Associated IHSS 

Groundwater Source 

No groundwater sources above the PPRG have been identified for this area. 

7.0 Present Landfill and Associated IHSS 

Groundwater Source 
An area surrounding wells 72393 and 72093 located near the center of the present landfill shows PCB 
(Arochlor ) contamination at a level of 1.07 times the PPRG. An approved Proposed Action 
Memorandum has designated the construction of a passive collection and treatment system as the preferred 
remedy for the initial treatment of landfill leachate. A single extraction well could be placed near well 
72393 if further action is warranted. Production rates from such a well could be up to several gallons per 
minute. 



'L 
..I 

REGION 

OU-2 (main) 

OU-2 (secondary) 

o u -  1 

'hdustrid '&ea 

Present Landfill 

TOTAL 

RFEiTS SITEWIDE PUMP AND TREAT VOLUME ESTIMATES 

SURFICIAL MATERIAL WELLS 

40 

5 

2 

15 

1 

63 

. . . . . .  ,?- .... . .  ,. - . ~ .. . - ~S-++Tz%:,,? - ..I. . 

Assumptions: 

5 

1. Capture radius for containment wells assumed to be 75 feet based on the range of 
values from simulation results presented in OU-2 CM/FS Report.. 

68 

2. Assumed pumping rate of 0.75 gpm is based estimates given in OU-2 CM/FS 
Report. This rate is for wet season conditions and may not be sustainable 

. . . .  
.- --'  

._. . - - . 
. . -  

. .  : throughout the ye&. This rate was assumed for all.wells. . . _. . - . - . ..... - . . . .  - . . .  . . . .  . . . .  . .  

I .  . 
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. . .  
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i 3. The well placement for the main OU-2 contaminant area was designed primiarly 
for containment and capture of the contaminanted groundwater using wells along 
the preimeter of the contaminated area. The number of wells for other 
contaminated regions was based on caputre of the groundwater with wells within 
the contaminated area. 

BEDROCK WELLS I TOTAL 

5 I 45 

1 5  

1 2  

I 1  

68 wells @ 0.75 gpm yields 5 1 gpm (3,060 gph, 73,440 gpd) 

... - . _. - . . . . .  
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3.0 ACTION LEVELS AND STANDARDS 

The FWCA Preamble was used as the basis for development of the action levels and standards 

framework for surface water, ground water, and soils. Protection of surface water quality is the 

primary basis for the cleanup and/or management of contaminated subsurface soil and groundwater 

at WETS. Surface water, groundwater, and soil cleanup are interrelated, and all three media were 

considered in developing a sitewide strategy for WETS. 

The Action Levels and Standards Framework for Surface Water, Ground Water, and Soils 

(Attachment 5 of RFCA, July 19, 1996) was recently modified to incorporate the clarifications and 

resolutions of issues that were reached after RFCA was signed. The proposed changes are expected 

to be completed by October 18, 1996. Appendix B contains these proposed action levels and 

standards. The following sections summarize the approaches delineated in this document for 

monitoring and remediating surface water, groundwater, and subsurface soils for the purpose of 

protecting surface water quality and ecological resources. 

3.1 SURFACE WATER 

Groundwater will be managed to protect surface water quality. During active remediation, surface 

water quality standards and surface water management activities will be different than those applied 

after remediation. The water quality standards will apply at points-of-compliance located at the 

outfalls of the terminal ponds and at the Site boundary. These values will also be used as action 

levels upstream from the terminal ponds at existing gauging stations. When cleanup activities are 

complete, on-site surface water will meet surface water quality standards. 

3.2 GROUNDWATER 

As stated in the RFCA Preamble, domestic use of groundwater at WETS will be prevented through 

institutional controls. Because no other human exposure to groundwater is foreseen, groundwater 

action levels are not based on human consumption or direct contact. Instead, action levels for 

groundwater have been selected to be protective of surface water quality and ecological resources. 
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This framework for groundwater action levels is based on the assumption that contaminated 

groundwater emerges as surface water before leaving WETS. 

3.2.1 Action Levels 

The Working Group has defined the action level for groundwater Volatile Organic Compounds 

(VOCs) only, based on Maximum Contaminant Levels (MCLs) established under the Safe Drinking 

Water Act (see Appendix B). MCLs are well-established and accepted values that have been used to 

guide cleanup at other contaminated sites. Where an MCL for a particular VOC contaminant is 

lacking, the residential, ingestion-based Programmatic Risk-Based Preliminary Remediation Goal 

(PPRG)* value will apply. A two-tiered action level approach to groundwater cleanup and 

monitoring was developed to protect surface water and identify areas of groundwater contamination 

potentially requiring cleanup. Tier I action levels consist of near-source action levels for accelerated 

cleanups, and Tier I1 action levels are protective of surface water quality. This approach is described 

below. 

Tier I 

Groundwater Tier I action levels are based on 100 times the MCL (100 x MCL) and were developed 

to identify potential cleanup targets. Contaminant concentrations in groundwater above the Tier I 

action levels indicate the presence of groundwater contaminant sources which may pose a risk to 

surface water quality. If Tier I action levels are exceeded, an evaluation is required to determine if 

source removal, or other cleanup or management action is necessary to prevent highly contaminated 

groundwater (Le., contaminant concentrations exceeding 100 x MCLs) from reaching surface water. 

(The evaluation process is described in Section 4.1). This report represents the first phase of this 

evaluation. 

Where action is necessary, the type and location of the action will be delineated and implemented as 

an accelerated action. Additional contaminated groundwater that does not exceed the Tier I action 

levels may also need to be remediated or managed to protect surface water quality or ecological 

PPRGs were developed and approved by DOE, EPA, CDPHE, and EG&G to establish sitewide cleanup 
targets for environmental contamination. Reference needed 

I 
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resources. The plume areas to be remediated and the cleanup levels or management methods 'used, 

will be determined on a case-by-case basis. 

Tier II 

The Tier I1 VOC action levels for surface water quality protection were developed to prevent 

contaminated groundwater from reaching surface water. When Tier I1 action levels are exceeded at 

the designated Tier I1 wells, groundwater management actions are triggered. Tier I1 wells are located 

downgradient of existing plumes to detect the possible spread of the contaminant plumes. If 

concentrations in a Tier I1 well exceed MCLs during a regular sampling event, monthly sampling of 

that well will be required. Three consecutive monthly samples showing contaminant concentrations 

greater than Tier I1 action levels will trigger a groundwater action. These actions will be determined 

on a case-by-case basis and will be designed to treat, contain, manage, or mitigate the contaminant 

plume. Such actions will be incorporated into the Environmental Restoration Ranking and will be 

given weight according to measured or modeled impacts to surface water. 
2 

The Tier I1 action levels will be applied only at certain wells as described in Section 3.2 of Appendix 

B. Table 3-1 presents the list of groundwater monitoring wells designated as Tier I1 monitoring 

locations. These wells are located at or near the boundaries of the composite VOC plumes shown in 

Figure 3-1, as described in Section 4.2. Additional Tier I1 monitoring wells may be installed, if 

necessary. The results of groundwater sampling and analysis at these wells will be integrated with 

concurrent surface water data for the purpose of evaluating potential impacts to surface water. 

Table 3-1 Tier HI Groundwater Monitoring Wells 

Well Number 1 Well Number 
6586 I P314289 
23196 
23296 
75992 
0609 1 
23096 
10194 
1986 
1386 

P3 13589 
7086 
10992 
1786 
10692 
4087 
B206989 
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Insert Figure 3- 1 
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Groundwater Monitoring 

All long-term monitoring requirements for WETS, along with the Tier I1 wells identified in this 

Report, will soon be incorporated into an Integrated Monitoring Plan (IMP). The document will 

incorporate two pre-existing plans: (1) the Groundwater Protection and Monitoring Program Plan 

(GPMPP) (DOE 1993); and (2) the Groundwater Assessment Plan (GWAP) (DOE 1992a). The 

document also will describe recent changes to the groundwater monitoring network. 

The IMP will list the wells with their appropriate data quality objectives, the sampling frequency, 

and analyte suite, as well as describe data evaluation and reporting methodologies. The IMP will 

also reference other implementation plans and decision documents from which the requirements are 

derived, and will be updated regularly as programmatic changes occur. 

Analyte suites, sampling frequency, and specific monitoring locations will be evaluated annually to 

adjust to changing conditions such as plume migration and increased understanding of contaminant 

distributions. The present groundwater monitoring network will continue to operate as recently 

modified by the Groundwater Monitoring Working Group, until changes proposed in the IMP are 

agreed to by all parties. All groundwater monitoring data, as well as changes in hydrogeologic 

conditions and any exceedance of groundwater action levels, will be reported quarterly and 

summarized annually. 

' 

All groundwater remedies, as well as some soil remedies, will require groundwater performance 

monitoring. The amount, frequency, and location of any performance monitoring will be based on 

the type of remedy implemented and will be determined on a case-by-case basis within the specific 

decision documents. 

3.3 SUBSURFACE SOILS 

Action levels for VOCs in subsurface soils were developed to be protective of surface water quality 

through groundwater transport of leached contaminants. As there are too many variables to 

accurately model transport of inorganics (e.g., metals and radionuclides) in subsurface soils at 

WETS, the Tier I action levels are the same as Tier I action levels for the corresponding 
2 
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contaminants in surface soil. These action levels are human-health risk-based for the appropdate 

receptor (office work or open-space recreational user), and are conservative since future land use 

scenarios do not include contact with subsurface soil. 

Action levels for VOCs in subsurface soils were calculated using a soil/water partitioning equation 

and a calculated dilution factor (EPA 1994). The partitioning equation used chemical-specific 

parameters and siteispecific subsurface media characteristics to determine the equilibrium 

partitioning of a given contaminant between the soil and groundwater. The dilution factor accounts . 

for dilution up to the edge of the source location. Subsurface soil contaminant levels that would be 

protective of groundwater to Tier I action levels of 100 x MCLs were then calculated. These action 

levels for subsurface soils and are provided in Table 4 of Appendix B. 

Tier I action levels for radionuclides in subsurface soils are the same as applied as Tier I action 

levels for radionuclides in surface soils. with the total dose from multiple radionuclides calcukated by 

the sum-of-ratios method. These action levels are the more conservative of: 

0 

An annual radiation dose limit of 15 mrem for the appropriate land use receptor, or 

An annual radiation dose limit of 85 mrem for a hypothetical future resident assuming failure of 

passive control measures. 

Additional subsurface soil may need to be remediated or managed to protect surface.water quality or 

ecological resources. These additional sites will be determined on a case-by-case basis. 
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4.2.1 881 Hillside Drum Storage Area Plume 

The 881 Hillside Drum Storage Area (IHSS 119.1) was in use from 1968 to December 1971. 

Primarily empty drums and scrap metal were stored at this location. Some of the drums had 

previously contained solvents and other organic chemicals. Other drums may have contained! 

solvents or other organic chemicals contaminated with plutonium as the hotspots removed in 1994 

from this location had elevated plutonium levels. 

The OU 1 88 1 Hillside is located on a south facing hillside that slopes downward from Building 881 

to Woman Creek (Figure 4.2.1-1). The 881 Hillside is crossed by the South Interceptor Ditch (SID) 

which was designed to intercept surface water flow from the plant. In 1992, a French Drain was 

installed across the 881 Hillside to intercept contaminated UHSU groundwater suspected to be 

flowing down the 881 Hillside. A 3-ft-diameter recovery well was installed in an area of known 

contaminated groundwater to recover water containing high levels of dissolved VOCs. 

Here, groundwater occurs in the unconsolidated surficial materials. The surficial materials and 

underlying 5 to 25 feet of weathered claystone are 100 to 10,000 times more permeable than the 

underlying unweathered claystone. This significantly limits the flux of groundwater into and through 

the unweathered claystone (DOE 1994a, DOE 1995a). 

Groundwater at the 881 Hillside does not exist within a continuous, homogenous, shallow aquifer 

system. The UHSU has a highly variable lithology and is not uniformly saturated across the Hillside. 

Large areas are dry, or contain water only in the Spring when water table elevations are typically the 

highest. Groundwater is typically found in disconnected northwest-southeast trending paleochannels 

cut into the bedrock surface where there is a thicker section of colluvium and/or alluvium. Dry areas 

appear to be coincident with bedrock highs and other areas with thinner sections of colluvium and/or 
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alluvium. The bedrock topography and surficial deposit thickness can be used to extrapolate where 

groundwater flow may occur (DOE 1994a). 

Recharge to the UHSU is primarily through precipitation, with minor seepage from the Rocky Flats 

Alluvium. Discharge is primarily from evapotranspiration due to the dry climate and slow 

percolation rates, and is enhanced by the south facing slope of the Hillside. Discharge also occurs to 

the French Drain, the recovery well, and to surface water. Several small seeps are found along 

Woman Creek and along slump boundaries where UHSU groundwater intersects the surface. 

Aquifer tests estimate the average flow velocity at 70 feet per year near the 88 1 Hillside Drum 

Storage Area. Hydraulic conductivities of the surficial materials range from 3 x 10” to 2 x 

cm/sec. The transmissivity of the UHSU was calculated as 1.2 x 10 m ./set, approximately 100 

times less than what Driscoll (1 989) considered sufficient to supply water for domestic or other low 

yield purposes. The volume of UHSU groundwater within the entire OU 1 881 Hillside Area was 

estimated at 5 acre-feet in April 1992. 

-6 2 

Groundwater data collected since the installation of the French Drain suggests that it is successful in 

collecting much of the UHSU groundwater. For example, the UHSU monitoring wells downgradient 

of the French Drain are generally dry, suggesting that the area has been dewatered (DOE 1994a). 

‘ 

The 881 Hillside drum storage area (IHSS 119.1) is the site of historic releases of chlorinated VOCs 

to the environment from drums stored at this location (Figure 4.2.1-1). These releases have resulted 

in the contamination of shallow alluvial groundwater which has formed a small contaminant plume 

extending about 300 feet to the south-southeast down the 881 Hillside along a paleochannel incised 

into the underlying weathered claystone. Unconsolidated sediments on both sides of this plume are 

unsaturated. 

The source of the groundwater contamination was further characterized during the 1996 field 

program to obtain sufficient data to plan a source removal. The field investigation identified two 

potential source areas: one immediately east of the collection well and one 50 feet northwest of the 

collection well (Figure 4.2.1-1). The eastern source area underlies one of the radiological hot spots 

removed in 1994. Both source areas could have been caused by leakage from individual drums 

(RMRS 1996b). 
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The contaminants in the plume which exceed Tier I concentrations are primarily carbon 

tetrachloride, 1,l dichloroethene, tetrachloroethene, 1,1,1 -trichloroethane and trichloroethene. 

Figure 4.2.1-1 provides the distribution of contaminant concentrations in groundwater at this 

location. A small seep located south of IHSS 119.1 and downgradient of the French Drain aldng 

Woman Creek was sampled once and this sample contained a trace amount of VOCs. It is not clear 

if the VOC concentrations in the seep water are related to the contaminant plume. 

The contaminated groundwater plume is upgradient of the French Drain and does not appear to be 

increasing in size. The recovery well is located within this plume and collects approximately 100 to 

150 gallons per day. This well appears to collect most of the contaminated groundwater originating 

from the contaminated groundwater plume. The French Drain remains in operation and continues to 

collect relatively uncontaminated groundwater which is treated at the Building 891 Consolidated 

Water Treatment Facility. The area immediately downgradient of the French Drain is unsaturated, 

indicating that the French Drain has dewatered much of the area. 

The preferred remedy for this plume is source removal which was mandated by the 1995 dispute 

resolution committee composed of DOE RFFO, EPA and CDPHE. A Record of Decision (ROD) is 

currently in progress which will establish a remedial action based on the Public Comments to the 

recommended alternative of source excavation presented in the Proposed Plan (DOE 1996a). 
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radiation dose are near their respective Tier I action levels. 

Section 5 of the ALF commits to forming a working group to investigatc the applicability of using 
a dose basis rather than a risk basis for cafculating Rction levels for radionuclides in surface soils. 
This working group determined that dose-based values arc more appropriate and should be used. 
A document entitled Action Levels for Radignuclides for the Rocky Flats Cleanu~ Agrc- 
presents these proposed action levels for radionuclides as well as justification for their derivation. 
This document also contains proposed modifications to Table 5 and Sections 4 and 5 of the ALF. 

~ ~ ‘ ~ ~ ~ ~ ~ ~ ~ ~ ~ s u b s u r f r t  -have bee. oat mkert. b % & d ~ ~ a *  
goFnpound.’s ability tg.~each-to-~gFo\indwa~e~,-~h~se ~odmlitted valuesartre in Table. Lbtr Sincc the 

currently possible to accurately model transport of inorganics in subsurface soils. Therefore, &+is 

subsurface soil be the same as action levels for the corrcsponding contaminants in surface Roil. 
These action levels are, therefore, hurnan-health risk-based for the appropriate land-use receptor 
(office worker or open-space recreational user). This application of surface soil action levels as 

subsurface soils at WETS are highly heterogeneous and because of other ‘variables, it is not 

pmpyid-W tk%ction levels for inorganic contaminants (e-g., metals and radionuclides) in 

subsurface soil action levels is conservative since the controlled hture land use scenarios for 
cantact with subsurface soil. 

The following language is proposed to replace the referenced sections of the ALE’. Bolded words 
are proposed additions; shck-out words are proposed deletions. 

4.2 Action Levels 
[as is] 

A. Tier1 

1 ~ 
All subsurface soils capable of leaching emtamban@ organic compounds 
to ground water at concentrations greater than or equal to 100 x MCLs. 
Where an MCL for a particular contaminant is lacking. the residential 
ground water ingestion-based PPRO value will apply. 
Contaminant-specific Tier I action levels for & organics U n t m t s  
have been determined using a soil/water partitioning equation and a 
dilution factor from EPA’s praA SO il Screening Guidance (1994). These 
derived values and &e parameters used to derive them ...... the derived 
values may need to be recalculated. 

2. Tier I action levels for inowanic contaminants, in subsurface soil are 
the same as Tier I netions levels for the corresponding contaminants in 
surface soil. These action leveb are, therefore, human-health 
risk-based for the nppropriste Imd-use receptor (omce worker or 

- ’” ZO’d 814E 996 EO& ‘ON XU 30E IL 00:b’I IlHL 96-61-d3S 



r. UI 
.. I 

FAX NO. 8UU4t144 
1 

SEP-lI-g6 WED 14:15 SITEWIDE ACTION 

L 

S.2.1 Adon L m l s  

819E 996 EO& 'ON XWd 

. -.. . . .  

30E11 IO : PI IlHI 96-61-d3S 



.. 
sw-i+-ge WED 1 4 : ~  SITEMIDE ACTIONS FAX NO. 9864844 r, uii 

. PO'd 81% 996 EO& 'ON XWd 30€11 IO : PI nHJ, 96-61-dIS 
L 



-- 
SEP-11-fi8 NED 14:16 SITEWIDE ACTIONS FAX NU, YtlB4844 

. 

3-3 

90 'd 814E 996 EO& 'ON XWd 30EI1 Z0:PI nH1 96-61-dX 



SEP-11-96 WED 14:18 SITEWIDE AC'PIONS FAX NO, 9664844 P. 04 

M m h  18,1996 3-4 

90 'd 81% 896 EO€ 'ON XWd 30Ell 2O:PI IlHJ, 96-61-dJS 
~ 



,- 

SEP-1146 WED 14:18 SITEWIDE fCT'lON 

Mmclr 18,1996 3-5 

10 'd 814E 996 EO& 'ON Xtld 30E II ZO : b1 nH1 96-61-dlS 



-2 

SEP-11-38 WED 14;17 SITEWIDE BCTIONS FAX NO, 9884844 r, utl 

80 ‘d 81% 996 EO& ‘ON XWd 30EtL EO : P t nH,L 96-61-dX 1 



r 
.* 

SEP-11-98 WED 14:17 SITEWIDE ACTIONS FAX NO, 9664844 r, U I  

. 

. 

Adixpch !$19% 3-7 

60 ‘d 81S€ 996 EO€ ‘ON XWd 30EII €O:PI nHI 96-61-d3S 
L 



MEMO 

Date: July 11, 1996 

To: John Hopkins, Sitewide Actions, Bldg T893B, x4974 

From: T.P. Lovseth, Sitewide Actions, Bldg T893B, x8249 

Subject: Revised ASAP 111 Cost Estimate for Groundwater Remediation 

The attached spreadsheets are cost estimates for the four groundwater plumes that will require 
remedial actions under ASAP III. All labor and capital line items are presented as unburdened 
costs. Detailed estimates were made for two different designs for each plume. The drain-sump 
design will capture groundwater at the distal portion of each plume by means of a subsurface 
filter-packed drain. Groundwater will be gravity fed from the drain to a sump and then pumped 
to the surface for treatment by air-stripping. The barrier-gate design will direct the natural flow 
of groundwater to a gate or sump. From the gate (sump), groundwater will be pumped to the 
surface for treatment by air stripping. 

Included in the total costs are resources to fund characterization in support of remedial design. 
Assuming the local hydrogeologic conditions are not complex, each project will require about 
two weeks of geoprobe sampling activities to adequately characterize the horizontal and vertical 
extent of the plume boundaries. Because excavation will be required below the water table, all 
trenches will be shored to insure proper placement of the drain and filter pack. 

We do not have a consensus on how effective the barriers will be. Under low hydraulic 
conductivity conditions, the barriers may cause water levels to rise resulting in mounding and 
ultimately, over-topping of the barriers. To ensure flow to the gates, shallow drains installed by 
ditch-witch equipment (to avoid the generation of waste) may be required. However, these 
shallow drains will not significantly effect the total costs. Given the present uncertainty of the 
hydraulic behavior of the barriers, I did not include the cost of the shallow drains in the 
estimates. 

Drain installation will require a significant amount of excavation. For the purpose of this cost 
estimate, I assumed that only 10% of the removed soils will be contaminated h d  will require 
treatment by thermal desorption. The barrier-gate design is more expensive than the drain-sump 
design provided that the assumption made above regarding the amount of non-rad waste remains 
true. Also, we assume that we can perform thermal desorption for $lOOO/cubic yard. The 
sensitivity analysis shows that if the amount of waste or the cost to treat goes up, .the barrier-gate 

options open until we detem’ine the necessity and cost of treating excavated soils. 
$ ‘ ~ i g ?  ~ f ~ i l ! * . :  ~ F Y I  bi. the E C , : ~  : f f d ~ c  >Y’c:>, T T ; ‘ ~ ; ~ ~ ~ i t : j d  t h ~ t  IVC kecz~ h ~ f h  d ~ s i ~  

Please note that the capture length estimates presented for ASAP I1 have been revised. S. Joliat 
has re-estimated the capture length for each plume. A. Primrose has reviewed capture length and 
these cost estimates. Please call either A. Primrose (~4385) or myself (~8249) if you have any 
questions regarding this matter. 

, 

cc: ‘ A.L. Primrose 
J.E. Law 



I)I;lin-slrmp 
QUANTITY UNlTCOST TOTAL COST BASIS FOR QUANTITY BASIS FOR UNIT COST. - 

CAPITAL 

Geoprobc sampling 101 S9Oolday I $9,000 I Subcontracted o p t o r  and HBS support lcumnt billable rate for subcontracted svcs 

I I I I I I 
Treat nnd'disoose remediation wastes 1671 $1.000 h v d  I $166.667  assumes 10% by volume of rcmovcd soil is contaminated I T-3 'Ibermal Desorb Costs, n o n d  only I 
LABOR 
Engineering Design 
Health and Safety 
ccnstruction Management 
Hydrogcologic Services 

775.2 $25 /hr $19,380 15% of direct costs Standard budgeting assumptions 
1752 $25 /hr $19,380 15% of direct costs Standard budgeting assumptions 

1550.4 $25 /hr $38,760 30% of direct costs Standard budgetingassumptions 
160.0 $25 /hr $4,000 includes field supmidon and data analysis cumnt billable rate 

TOTAL CAPlTAL AND LABOR $652,331 I 
OPERATIONS AND MAINTENANCE 

Mataids 
LaboratoryAnalysis 
Labor 

. .  . 

1 $6,400 ea. $6,400 repair and utilities h "Options for GW Treatment.." 
12 377 ea $4,524 performance monitoring APO price schedule vcr. 4 VOA 8240 

324 $25 /hr $8,100 3 days pcr month h "Options for GW Tnatmcnt.." 

YEARLY OPERATIONS AND hMNlENANCE I S19,024 I 



. .. 

. .  

charact&tion 

Laboratory analysis 
Gcoprob = P b  

. i 

10 $900 day $9,000 Subcontracted operator and HBS support cumnt billable rate for subcontraaed svcs 
20 $377 ea. $7,540 APO price schedule ver. 4 VOA 8240 

LABOR I I I I I 

1 
OPERATIONS AND MAIKIENANCE I $19,024 I 

. . .  

... 

. .. 
. ,. 

. _ .  . .  .. . .  - 
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Mataia lS  

Labor 
Laboratory Analysis 

1 $6,400 ea. $6.400 repair and utilities fmm "Options for GW Treatment.." 
12 377 ea. I $4,524 pcrformancemonitoMg APO price schedule vm. 4 VOA 8240 

324 $25 /hr $8,100 3 days per month h "Options for GW Treatment ..." 

.., . . ( .  

. I  

YEARLY OPERATIONS AND MAINTENANCE 
I .  

I 

$19,024 



ASAP PHASE 111 COST ESTIMATE FOR VXE CARBON TETRACHLORIDE GROUNDWATER PLUME 
Barricr-Gate 1 

1TOTAL COST BASIS FOR QUANTITY BASIS FOR UNIT cosr 

Engineering Design - 
Health and Safety 
Construction Management 
Hydrogeologic SnVices 

9583 $25 /hr $23,957 15% of dk.3 costs Standard budgeting assumptions 
958.3 $25 /hr $23,957 IS% of dimt costs Standard budgeting assumptions 

160.0 $25 /hr $4,000 includes field supervision and data analysis cumnt billable rate 
1916.6 $25 /hr $41,914 30% of dk.3 costs Standardbudgetingaptions 

I I I I I I 
MTAL CAPlTAL AND LABOR S595.506 I 1 
OPERATIONS AND IvMNTENANCE 

MatcrialS 
Laboratory Analysis 
I A h  

1 $6,400 ea. , $6,400 repair and utilities from "Options for GW Treatment ..." 
12 311 ea. $4,524 performance monitoring APO price schedule vcr. 4 VOA 8240 
324 s2s /hr S8.100 3 davs MT month 

YEARLY OPERATIONS AND MAINTENANCE 1 

c 

S19,024 I 
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Table E S .  Alternative’l: Soil Excavation and Groundwater Removal With Sump Pumps 

Dewatering 20 gpm Suction Pumps 2 ea 5400.00 Vendor Quote $0 $800 so $0 5800 
2.5’ PVC Pipe (includes fittings) 200 If $1.70 $2.19 Means Ref. $340 $0 $438 so 5778 
Corrupted Meal Pipe 12 If 54.15 $1.40 Means Ref. $50 SO $17 $0 $67 
Pea Gravel 30 CY $17.55 Means Ref. $527 SO SO $0 $527 
I I I I I I I I I I I I I 

Rad Screening of Soils l ~ c a ~ t h  & safety Specialist I 1,4401 hr I I I $56.00 I EG&GRad Eng. I SO I Sol $80.640 I $01 $80,640 
IMonitorina Equipment Maintenance I I801 hr I I $55.00 I I EG&GRad Eng. I SO I $01 $9.900 I Sol $9.900 
I I I I I I I I I I I I I 

Treatment of Excavated Soils Thermal Desorption Unit 1,400 CY $75.00 Vendor Quote $0 $0 SO $l05.000 $105.000 
Thermal Desorption Unit Mobilization 1 L s  $4.000.00 Vendor Quote SO $0 so $4.000 $4,000 
Thermal Desorption Unit Demobilization 1 IS Sl.500.00 Vendor Quote SO $0 SO S IS00 31,500 
Wheel Mounted Front End Loader 2,800 CY $0.66 $0.35 Means Ref. $0 $ 1.848 $980 SO $2,828 

TransponationlDisposal of Soil 

I I I I I 

I I I I I 
Groundwater Treatment (UVIPeroxide & D( Treatment System I 1 1  yr 

Transportation to Disposal Facility (c SO mi) 0 CY $53.00 Vendor Quote $0 $0 $0 SO SO 
Disposal at Licensed Facility 0 CY $123.00 Vendor Quote $0 $0 $0 SO SO 
Soil Samples 0 ea $250.00 Prof. Judgement $0 SO $0 SO so 

$1.83 
$0.09 
$0.06 

I I I I 1 

Drill Monitoring Wells IDrill &Case 4 wells, 6‘diam. & 20’depth I 41 ea I I 

$676.000.00 (1) SO $0 $0 $676,000 $676.000 

Means Ref. $0 $0 $0 SO SO 
Means Ref. SO SO so $0 SO 
Means Ref. $639 $174 $174 $0 $987 

Backlill Excavation 

Decommission French Drain 

I I I I I 
Confirmatory Sampling ]Soil Samples From Excavation Site I 251 ea I 1 

I I I I 

Pit-Run FilllGravel, 5 mi haul 0 CY $3.57 $4.86 
Towed Sheepsfcot. 12” l i h  0 CY $0.35 
Revegitation 2,904 SY $0.22 50.06 

Backhoe 1 day $2,200 

I I 1 I I 
Subtotal Direa Capital CCN 

Additional Field Personnel Sr. Geologist I10 h n  
Surveyor I00 h n  

I I I I , I I 
$362.00 1 I McansRcf. I $01 $2,200 I 5362 I $01 $2,562 

I I I I I I I 
$25,000.00 1 Vendor Quote I Sol $0 I $01 5100,ooO I S100,ooO 

I I I I I I I 
$75.00 I I Protludgement I $0 I $0 I $8,250 1 $0 I $8,250 
$50.00 I I Prof. Judgement I $0 I SO I $5.000 I so I $5,000 

I I I I I I 

I I I I I I I 

I I I I I I I 
$250.00 I Prof. Judgement I SO I $0 I SO I $6,250 I $6,250 

I I I I I I I 
53,682 I $44,019 I 5144,354 I 5892,7SO I $1,073,555 
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(1) Cost reprcscnu annual operating wa as presented in the Phase I Preliminary Plan for Future Utilizatio?of Existing Water Treatment Facilities at Rocky RatS Plant. D d l  Repon (June 15. 1594). 
It has been assumed for cml estimating pu'poscs that thc French Drain rind OU-1 Water Treatment Plant will operate for one year during excavation and treatment. 
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TELEPHONE LOG 

NAME: Ann Sieben OF: K-H 
DATE: 9/26 TIME: 11 am 

RECORDED BY: A. L. PRIMROSE 

HONE: 9886 

SUBJECT: Draft Groundwater Conceptual Plan 

CONVERSATION: 

She read chapter 4 of this report and thinks it’s fine. She had minor comments, “itty- 
bitty little things, not even worth saying”. (No comments were provided). She said that 
it sounds real good, reads fairly well, and she thinks it’s everything it needs to be. 

FOLLOW-UP: None 



-k INTEROFFICE CORRESPONDENCE 

DATE: April 14, 1994 

TO: P. J. Suniewick, Ext. X2889 

FROM: B. L. Roberts, Ext. X8623 

SUBJECT: CONTAMINATED GROUNDWATER ESTIMATE UPDATE 

‘9+ c( 
P+ 4’ \“‘-L>41- 

The following analysis is provided in response to your request for estimates of total 
volumes of contaminated groundwater at the Rocky Flats Plant (RFP). The 
techniques used for this estimate differ from those previously employed. The 
techniques used this year should provide a more accurate estimate of the total current 
volume of contaminated groundwater at the RFP. 

’ 

The volume estimates presented here are based on two primary sources of 
information: The first source of information are maps, and corresponding data grids 
showing the bedrock and groundwater elevations for the spring of 1992 (this period 
was chosen since it was a time of relatively high groundwater elevations). The second 
source of information is the Draft Well Evaluation Report (WER) which contains maps 
of the extent of groundwater contamination for different analyte combinations at the 
RFP. The production of this report is being directed by Steve Singer (Geosciences, 
X8635). Five of these analyte combination maps were superimposed over one 
another to obtain a map showing the total extent of groundwater contamination 
regardless of analyte. This final map shows a composite of the individual areas 
considered a concern for: alpha and beta radiation, plutonium, americium, lithium, 
selenium, total dissolved solids (TDS), nitrate, sulfate, and volatile organic compounds 
(VOC). The find map is shown in Figure 1. Please note that not all of these 
contaminants are of concern for all of the areas outlined in Figure 1. 

An estimate of the total volume of water saturated materials lying within the hachured 
areas shown in Figure 1 was made using the bedrock and spring 1992 groundwater 
elevation grids (at 100’ spacing), the polygons representing the contaminated areas, 
and the Dynamic Graphics volumetrics modeling software package. These 
calculations only involve the unconsolidated surficial materials and do not consider 
bedrock materials. The total volume from all of the individual contaminated areas was 
then multiplied by an assumed effective porosity to get the total volume of 

_ _  contaminated water. 

Total VOl. Porosity Water Vol. 
71,712,000 f? x 0.1 = 7.171.200 f? 

Water Vol. G a I./F? Water Vol. 
7,171,200 f? x 7.48 = 53,640.576 qallons 
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The volume estimates for each individual region shown in Figure 1 are also available if 
needed. This estimate is approximately twice as large as the previous estimate. This 
is because of different methodologies and increased data availability. The previous 
estimate was related to the amount of water flowing though the OU's over a period of 
one year. The volumes reported here represent the amount of water contained within 
the contaminated regions identified in the WER as if it were possible to extract all the 
water at one time. These regions represent the maximum extent of contamination, as 
determined from groundwater sampling, from either 1990 or 1992, which ever was 
greater. Details of the techniques used to identify these areas can be found in the text 
of the WER. 

-. 

As a reminder, because of the interaction between the solid and liquid phases 
(adsorption/desorption) for some contaminants, the actual volume of groundwater that 
would have to be pumped and treated to clean up these locations would be much 
larger than the estimates provided here. The volumes listed above are those that 
would be encountered if it were physically possible to instantly remove the all . 
contaminated waters. 

In addition, this estimate does not consider the effects of interim-remediation activities, 
such as the OU-1 French Drain system. If it is desirable to attempt to include the 
influence of this system, the contaminated region associated with OU-1 could, easily be 
removed from the calculations. 

Please let me know if further clarification is needed on any of these items, 

Barry L. Roberts 

. -  



DATE. August 16,1995 

To: Subconmat File 

FROM C. Dains, RMRS Procurement, Bldg. 080, X8512 

The objective of this subcontract is to produce 

SUBJECR NEGcMlATION PLAN FOR THE DEVELOPNiEN” OF OU 
CONSOLIDATION AND GROUNDWATER STRATEGES 

slratejgy 8c:mnts for the 

ASK 1 - operable Unit Consolidation 

Proposed Objective UppcrLimit 
Labor . 7,747 3,296 3,296 

150 150 E50 0 W S  

Subtotal 34,710 24,379 27.3 19 

1 
Subcontractors 26.8 13 20.933 23.873 

TASK 2 - Sitewidc Groudwater T‘eaffDe”’ Sti-ategy 

Proposed bjectiVi: uppx Limit 

8,546 Labor 

Subcotitpactcis 3.84Q 2I.491 23,665 
oms ‘ 10,670 188 1.546 188 IS8 

Subwid 36,698 I 70.225 30,399 

GRANDTOTAL 71,408 54,604 59,7 18 

It should be noted at this pint that the SubC0n;i.:::;; proposed only Sr. Geologist 
hours and did not propose any Program Manager hours f G i  cither Task 1 or Task 2. In the 
Tdniical Evaluation, i. wds deterr:W by the Contmciz: ‘3chnical Repmmative t h t  the 
Sr. Geologist was als ; p f ~ d g  the’dutics o$ the PLGgizLLl Manager. Therefore, 
Schedule B will mflca ;i labor cafchory for bo a F’~o~LL-: Manager for PA 1 and 2 and a 
Sr. Geologist for Tal; 2 only. r I 

ydl 



August 16,1995 
, NegotiationPpan/IierraEn~mntaI 

-2  

3. NEGO”IATI0NISSUES 

Labor Hours - The labor Categories proposed for Program Manager and Sr. 
Geologist have been explained above. The negotiating issues under this section will p e a  
to the proposed labor horn as well as tb laboa cabgories. The following distribution for 
the labor hours and categories are as follows: 

TASK 1 P r o g O S e d  Objective UpperLimit 

I 
TASK2 

35 
0 

0 
104 

PrOgramManager 
Sr. Geologist 

, l o  35 

35 
0 

All though there was no labor category or hours proposed for 1 Program Manager 
and the fitcf that al l  the total proposed hours were to sppport a Sr. Gqlogist, an overall 
&ctionlin labor hours of 66 hours is realized based on thz recooamepdation presented in 
the Technical Evaluation. The same rate of $73.18 islb ing used for yth labor categories. 

Management Company providing the Senior ygineer and Jason Assqciates CopporatiOr: 
providing the Senior Scientist. The hours proposed for both Subcontractors yere 
considerqd excessive and the following recommendatio~s we= m& @ the technical 
evaluation. 

Subcontractor Hours - There axe two Subcontractors prop0 
requitements of the statement of work. Two subntmctoors are 

T@K 1 Proposed Objective UprLimit 
Sr.hgirper@RM) 72 40 I 56 
Sr. Scie fist (Jason) 232 200 216 ‘ 9  

80 102 
, 
1 The upper limit for both Task 1 and Task 2 WLS Gstablishcd by the Subcontract 

Administtat or to ailow for iufoxmation that may be presented at the time of negotiations that 
was not {learly expressed in the formal proposal. No $justments will be made to the 
objective position without the full consent of the techcal representative who will be 
p q t  ‘~f the time of negotiations. I 
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August 16,1995 
Negotiation PWierra Envirommal 
Page 3 

4. CONCLUSION 

The objective position has Geea established at $54-,6W with an uppr limit of 
$59,718. The recommended objective position b considered fair and reasonable bzssed on 
the technical evaluation and the cost estimate provided by the Contractors Technical 
Repmntatiw. Price reasonableness has been establishcd based on the Brice/Cost 
Analysis filed under Tab C-3. It is the Subcontract Admiilistrator's reconmendation bhat a 
negotiated award between the objective and upper limit position would be in the bzst 
interest of M S  and the Govemnt. 
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Sent: AUGUST 15, 1995 08:50 Received: AUGUST 15, 1995 08:53 
From: KLONDON.EGG <KLONDON.EGG> 
To:  APRIMROSE.EGG 
Subject: Re: ITS WATER 
In-Reply-To: APRIMROSE.EGG's message of 15-Aug-95 08:OO 

Steve Singer had expressed distress to me a couple months ago about the wells - that the site-wide $ had 
been cut and vital wells Ohidden" in OUs, but then (since they weren't really vital to those OUs) they 
got cut altogether. 
I don't know if Steve can help, but he could worry on you. 

Kathy 

He was worried that people thought those wells were still funded and they weren't. 

---- Included Message ---- 
Sent: AUGUST 15, 1995 07:02 Received: AUGUST 15, 1995 07:03 

From: APRIMROSE.EGG <APRIMROSE.EGG> 
To: KLONDON . EGG 
Subject: Re: ITS WATER 
In-Reply-To: KLONDON.EGG's message of 14-Aug-95 13:28 

Hi Kathy! Thanks for the message. Are we still sampling wells in the vicinity of the ITS? John was 
curious if we have a way of picking up a groundwater plume, if one is moving through, without the ITS 
data. Who can I talk to?, 

Thanks. 

ALP 

---- Included Message ---- 
Received: AUGUST 14, 1995 13:30 
F r o m  : KLONDON.EGG <KLONDON.EGG> 
To: JLAW (John Law) 
Subject : ITS WATER 
cc: andy, APRIMROSE(Annette Primrose) 

John: FYI 

Sent: AUGUST 14, 1995 13:28 

In FY96, Rick Dunn in WM will handle the Interceptor Trench System and Central Sump for the Solar Ponds. 
He called, not sure who to talk to, to let ER know he will not continue the quarterly samples from the 
sump. 

There was no regulatory driver for those quarterly samples that I recall: we were interested if we could 
detect a decreasing trend in contaminants and were just generally interested in the results. Someday, it 
may be sensible to delist the water or otherwise prove it no longer contains hazardous waste. There 
could be a big cost savings there if we could actually stop treatment; the water would end up in the 
buffer zone ponds so whether we could stop treatment would depend on how the water would effect the NPDES 
discharge compliance. 

If you were counting on those quarterly samples for anything, we will need to sort out a different 
funding mechanism. 

Kathy 

----- End of Message ----- 

PAGE 1 



Author: John Law at ALPHA10 
Date : 07/02/96 08:15 AM 

TO: Annette Primrose 
TO: John Hopkins at MAIL1 
Subject: Groundwater Conceptual Plan 

, Priority: Normal 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - _ _ - _ - - _  Message Contents _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I just got off the phone with Ravi Batra. The based on concerns 
expressed by EPA and State on closure of OUs 5 & 6 we need to 
explicitly state that seeps will be remediated as part of the 
groundwater strategy. We should probably say that contaminated seeps 
are simply the most distal end of groundwater plumes. They will be 
managed through cleanup of groundwater sources, natural attenuation, 
interception at or upgradient of seep locations in accordance with the 
ALF and the prioritization system. 
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